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A SPECTROSCOPIC METHOD OF ESTIMATING 
CARBON MONOXIDE. Br H. HARTRIDGE 


(From the Physiological Laboratory, Cambridge.) — 


A spgcrroscoric method for the estimation of CO has been employed 
by Hufner. It was based on the observation that if a substance 
absorbs from transmitted light any particular wave lengths, then any 
alteration in the amount of that substance passed through will of 
necessity affect the intensities of those rays that are involved in the 
absorption. It is only necessary therefore to choose two points in 
the spectrum, one in which the absorption is at a maximum and one 
in which it is absent, and to estimate the differences of intensity of 
these to obtain a ratio which is constant for the body in question; and 
Since, in general, no two bodies will have the same constant, it affords — 
a means of determining the bodies present and the amounts of these. 
This principle Hufner' applied to the question of the identity of Hb 
in the animal kingdom; he also used it to determine the relative 
amounts of CO Hb in solution. 
The second method which does not depend on spectrometry is the 
carmine method of Dr Haldane. 
Before describing my own method, I may briefly mention the 
factors governing the relation of absorption to colour. 
Absorption bands appear to be due to the selective damping from 
the spectrum of waves of a certain length, this causing definite centres 
of absorption to appear; but not these alone, for on either side of the 
nuclei thus formed we find penumbra formed of waves that are only — 
partially damped, this effect gradually fading as the periphery of the 
system is approached, so that at the extreme margins no Sent 
is found. 
Now this description, which is true for a ina band, ines due 
to an element or a body of heavier and more —— molecule, does 
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2 H. HARTRIDGE. 


not tally with the density curves found for the majority of bodies 
exhibiting absorption, since the density is controlled as a rule not by 
single systems but by the summation of the effects of all those systems 
which may occupy the particular region of the spectrum under 
consideration. Such a density curve must therefore be resolved into 
its component systems before the alterations which are due to a change 
in one of these can be determined. To illustrate the above spectro- 
photometer tracings are shown in Fig. 1; these were obtained for 


0. He 


4500 7 6500 400 7700 


Fi. 2. The above curves resolved into their components, this 5 
posathle interpretations. Log. of density vertical. Wen 


the CO and O, compounds of hemoglobin, the strength of the solution 
used was 3 %, the thickness 1 cm. Both are seen to be summations’ of 
at least four systems in this region of the spectrum (4500 to 6500). 
Fig. 2 shows one possible interpretation of these. | | 
Now a change in the oscillation period of the molecule of the 
absorbing body, due to an alteration in temperature or constitution, 
will cause a change in the position of one or more of these systems and 
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CARBON MONOXIDE ESTIMATION. 3 


this will in its turn effect a redistribution of intensity in those parts of 
the spectrum in which such movement of systems has taken place. 
But since, as we have seen, the Hufner method depends on the 
measurements of this change in intensity, it would appear to indicate 
less directly the alteration which has taken place in the molecule, than 
a method such as the present one which estimated the movements of 
the absorption systems themselves. 

And further, since the colour of the transmitted light is dependent 
on the intensities of those rays of which it is composed, so that a change 
in the character of the transmitted light will necessarily follow any 
such redistribution of intensity as has just been mentioned, it would 
appear that the statement just made with regard to the Hufner 
method would apply with still greater emphasis to the method of 
Dr Haldane, and this appears to be the chief theoretical — 
between these methods. 

General description of the method. This is to be given in fall 
presently, but may be briefly summarised as follows. The advantages 
are obtained by the use of two collimators which replace the usual one. 
These are placed symmetrically one on either side to the normal to the 

ting surface in such a position that the first order spectrum from 
each occupies the centre of the visual field. But it is found with this 
arrangement that the spectra are reversed in direction so that the red 
of one lies over the violet of the other, the blue over the orange and 
the yellow over the green. If however the one collimator be placed at 
a @ slightly higher level than the other, then these spectra instead of 
overlying may be so placed that their margins just touch. Having 
obtained this arrangement it is possible by moving the collimators to 
place any one wave length in one spectrum in a line with a similar 
wave length in the other, so that for instance the D lines or any other 


1 lines might be made to correspond. Now from a knowledge of the 


grating constant and the angle between the collimators, the wave 
length of the line or band in adjustment may be at once determined. 
The application of this method facilitates the wave length measure- 
ment of absorption spectra. These we have seen are systems of 
gradually changing density; they give to the eye however an appearance 

different from this; for when thus examined each system appears to be 
a band of almost uniform density having fairly definite boundaries. 
This makes it easier working with the ordinary spectroscope and cross 
wire to measure these apparent boundaries of the band in preference to 
its true centre ; but if by any method it were possible to replace the cross 
| 1—2 
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4 F. HARTRIDGE. 


wire by a band the exact replica of the one under investigation, those 
changes in retinal accommodation which affected the one would similarly 
affect the other and thus by applying this automatic correction it would 
become a matter of certainty to adjust these bands into exact parallel- 
ism. The method outlined above for obtaining two superposed 
reversed spectra permits us to do this, for if in front of both slits we 
place cells or jars filled with the fluid to be examined, then in both 
spectra we shall observe bands which are similar in intensity and width 
and are the exact counterpart of one another, and now by adjusting 
the collimators and thus sliding the one spectrum over the other, one 
can bring corresponding bands into agreement, and thus ascertain their 

wave length. | 
The arrangements of slits and grating used for obtaining this are 
shown diagrammatically in Fig. 3. (A indicates the usual application 
with single slit.) O, D, E, and F show the spectra as seen in the eye- 


Pig. 3. The method of formation and adjustment of the reversed spectra. 4 shows the 
ordinary arrangement with single slit. B shows the arrangement with double slit. 
O, the bands of O, Hb as they would appear in the spectroscope. D, the a bands have 
been adjusted into line. E, the oxygen has been replaced by CO, and the a bands 
have shifted away from one another. F, the lower spectrum has been displaced by 
the micrometer, so that the a bands are again in line. nee 


In O no adjustment of the spectra has been made. In D the 
a bands are in agreement. In E the oxygen has been replaced b 
co in the Hb molecule; it will be seen that the « bands have shifted 


a the upper spectrum has ‘been shifted so as to once more bring 
the a bands into line and the amount of shift is shown by the distance 
from the end of the lower spectrum to the dotted line. lee 
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CARBON MONOXIDE ESTIMATION. 


bands are shown but their 
apparent boundaries and movements are drawn as far as pos 
scale. . 

Ine have been employed for these ae 
_ determinations, both of which are modifications of a direct vision 
system. The first, that originally used, had two slits and consisted 
essentially of a small square box at one end of which these were 
mounted; at the other was the grating by which the spectra are 
formed, Outside the box and immediately in front of the slits are 
the vessels containing the blood samples. In front of the grating and 
between it and the eye is a lens which helps to focus correctly the 
spectra. The position of this lens is contrary to spectroscopic practice ; 
but was done to avoid the astigmatism this lens would cause if placed 
between the grating and the slits. This modification was carefully 
tried on an ordinary grating spectroscope before its adoption, and was 
found to offer no interference to the correct resolution of the bands, 

The second instrument which was an improvement on the above | | 
had but one slit, the second spectrum being obtained by the employment om 
of a reflecting prism; the light paths were so arranged that they 
should still be approximately equal. The advantages gained by this , 
arrangement are obvious, the use of but one light and one blood sample as 
beside additional compactness being indicated; in other respects the 
two instruments were alike. — . 

Now in both instruments it will be observed that the slit or slits 
are permanently fixed in place, the micrometer being used alone for 
changing the wave length. The application of the rotatable eal 
plate to this purpose is to be fully described elsewhere. 

A brief description of its more obvious * over a weben. 
ical adjustment may be given here. 

(1) Absolute freedom from backlash. 

(2) Uniformity of motion. 

(3) Motion almost exactly proportional to tangent of angle turned 
through. 

Simplicity in construction and adjustment. 
The micrometer plate is shown diagrammatically in Fig. 4,4 and 
the complete mechanism in section in Fig. 4, C. 3 
Me see then that by this application, not only is the ideal condition 
for measuring the mean wave length realised, but also that. any band 
shift that may be obtained, in that it takes place in both spectra 
equally, is in this way doubled in amount, a matter of importance 


— 
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‘al the in the of Hb 
really is. 

We see further that not only do the u bands of the final compounds 
of CO and O, with Hb differ in wave length, but also that as the one 
compound is replaced by the other a gradual shift of the bands takes 
place; 80 that, granting a previous knowledge of the relationship that 
exists between the position of the bands and the ratio of the amount 
of CO and O, present, one should be at once in a position to determine 
percentage of CO in any blood solution | 


i. will have been observed in the above description of the 1 
the one by which the estima- 
tions are made. 

The spectrophotometer tracings in 1 sho ex this; the 
advantages noted are these: the 0 

I. The shift i. greater forthe a than the g band, the a band moves 
as we have seen 50 A. U. the g band only 41 A. v. 

II. The a band moreover has sharper definition and appears to the 
eye more intense, the tracings show that this is relati 
2 18 ve intensity not . 

From both points of view then the « band excels for the present 
purpose, and it was found further that by confining the measurements 
to this band alone, the delicacy would be increased by increasing 
the sensitiveness of the micrometer, the of a 
of * to be deseribed. 
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‘There is the further point to be noticed, viz. that since the a bands 

change their position less than the 8 bands they will tend to approach 
at CO saturation, and thus will diminish the sharpness of the demarca- 
tion between them; this is clearly shown, and it has an interesting 
result, that the accuracy of the estimations will be greater for points of 
low CO saturation than it will for high. This has been continually 
noted in practice and is of some importance. 2 

Use of screening fluid. Now the accuracy of the method depends 
on the visual judgment of the observer, and is therefore affected by the 
brightness of the light source and the state of adaptation of his eye. 
To get both these at their best, the following precautions were 

observed : 

I. A ruby light was used to illuminate the room, since this least | 
affects the adaptation of the eye. | 

II. The light used for the instrument was brilliant and was 
arranged so that as little as possible could escape past into the room; it 
was controllable by a bell push, so as to be on during shestvation 
only. 

III. The tube containing the blood was placed close to the slit, and 
stood in a wider tube so that there was surrounding it an annular space 
of about 10 mm.; this space was filled with a fluid of special optical 
properties. 

Fig. 5 shows the absorption of this fluid in the same concen- 
tration and thickness as that normally employed; a blood curve is shown 
so that the densities may be compared. ) 

It will be seen that from 5200 downwards, the spectral green, blue 
and violet are totally absorbed. From 5500-5700 the light is trans- 
mitted freely, and from here the absorption increases till at 6500 it has 
again reached a maximum; in this way the a band is isolated off oom 
the other bands of 

Fig. 6 shows the visual effect ‘thus obtained, being the sum- 
mation of the absorption of the fluid and blood; the normal blood 
curve is again shown for comparison. It will be seen that this 
dcreening has the following desirable effects: it helps to preserve the 

dark adaptation of the eye, since only the light just needed for the 
estimation is transmitted ; it will for a similar reason tend to concentrate 
the attention of the observer’; it will protect all but the one band from 
light action and thus reduce to a minimum the dissociation effects 
deseribed by Haldane. These uses are obvious: it gives, however, two 
others which need a few words of explanation. If the photometer curve. 
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for blood be again turned to, it will be seen that the areas on either side 
of the a band differ greatly in intensity, that in the yellow being 
more than four times as brilliant as that in the green. This to a certain 
extent masks the true formation of the bands. But this fluid has been 


adjusted so as to lower the intensity of the yellow without affecting the 


20 


Fig, 5. VV 
vis new af the carve of d.. shown 
| for reference. (Log. of density vertical, X horizontal.) 
Fig. 6. The curve of the screening fluid and O,Hb combined. — 
(Log. of density vertical, X horizontal.) | | 


green; this is well seen in the combined curve, and has further ended 
in bringing the band into . e a valuable bat on : 


unforeseen effect. 
The formula of this solution is: 


Naphthol eren. gms, 
Fluorescine... 

this is diluted for use 1 in 10. 


Influence of dilution. It has been ain out above that, for 
absorption bands that are symmetrical, differences in concentration will 


not change the mean wave length of the nucleus; subsequent experi- 
ments with a pair of wedge troughs, by which the depth of fluid 


traversed by the light could be controlled, confirmed this for the 
bands in question; but it was found that there was one ideal 


dilution at which the readings could be made with the greatest iS 
assurance of accuracy, and this for a solution 5 mm. thick was found to 
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be 6 % Hb, which would mean for human blood of average composition 
a dilution of 1 in 20; this would be modified ay when a marked 
deviation from standard was suspected. 

Now in gas tension experiments, when this correct dilation could be 
easily obtained beforehand, or in cases where the hmmoglobinometer 
value is already known, this would give little trouble, but with blood 
drawn a vivo or from an unknown source the arrival at this ideal 
concentration by trying different dilutions would be a serious loss of 

time. 

. method other than this was therefore employed, as it was found 

far simpler to vary the thickness of the solution; for this purpose the 
blood tubes were made from glass of oval section, is that by using these 
at the long or short axis, one could alter the amount of blood the light 
had to traverse in reaching the slits. The tubes employed measured 
6x 4 mm. internal diameter and worked efficiently, one disadvantage 
which might have arisen from the refraction of the light at their free 
surfaces was found to have been avoided by their immersion in the fluid 
in the outer trough. 

One modification of this idea has been tried; it would simplify the 
number of operations if the / of CO could be measured in the same 
vessels as those used to draw off and mix the blood. For this purpose 
a pipette of the hemocytometer type was modified, the circular mixing 
chamber being replaced by an oval one. This is immersed like the 

ordinary tube in the screening fluid, and a little mercury placed at the 
bottom of the vessel containing this prevented the mixed blood from 
returning down the capillary tubes during the estimation. 

85 The process of calibration. The process of calibration as originally 
carried out was in principle the same as that used by Haldane for 
testing the carmine method’; that is to say, blood shaken with air and 
a half of this then saturated with CO was mixed in various definite | 

_ proportions and the saturation of the resulting mixture estimated. 1 

The main difference was that instead of diluting the sample after 
the mixture had been made, this was done previous to mixing; the 

advantages which appeared to be gained by so doing were: 

(1) Much larger quantities of fluid could be dealt with and thus 77 
titration errors reduced; 

(2) The greater ease with which a dilute solution of — can be 
saturated with CO; 

1 75 One avoided the corrections for dilution. 

1 This Journal, xx. 611. 1896. 
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But it was found subsequently, that this method of calibrating had 
led to the most erroneous ideas; not only did the curve obtained differ 
considerably from that now known to be the true one, but also 
much earlier work done on the old calibration has been necessarily 
rendered invalid. Experiments made since to discover the cause of 
error have ‘shown that, with the method of mixture employed, complex 
interactions take place between the two portions of solvent (ie, (1) that 
portion added and (2) that added to) and the hemoglobin, so as to 
render an accurate calculation of the true saturation of the Hb difficult 
if not impossible. A method avoiding all these difficulties was there- 
fore sought for, and the following finally adopted. But to explain this 
it is first necessary to consider briefly the causes that are at the 


foundation of the apparent movement of the band as the concentration 


of COHb rises in the mixture. . 


At any concentration of COHb it should be possible to divide all the 


hswsmoglobin molecules into two groups, (1) those in combination with 
CO, (2) those combined with O,; omitting as foreign to the argument 


the question of the presence of other pigments. Are we then justified | 
in considering these two compounds as acting independently? If so the 
total visible effect (i., the bands) will be the summation of the effects 
produced by each pigment separately, independent of whether they are 


in the same or in separate vessels. 


Now the separate effects have been previously investigated by the 
spectrophotometer and are shown in Figs. 1 and 2; we are therefore in 
a position to test the above question by making hypothetical mixtures 
of the two, and calculating the resulting bands. If these agree in 


position with those actually observed for a solution in the spectroscope, 


then the above hypothesis is justified. As an example, consider a 


mixture containing equal portions of CO and O, Hb; the bands given by 
this should be obtained by adding the densities of CO and O,Hb and 
dividing the result by 2. This has been done in Fig. 7 and it will be 
seen at once that this 50% CO solution has bands of the general forma- 
tion of either CO or O,Hb. 0 
But, further, we see that the a band occupies a mean wave length 


; nearly midway between those of CO and O, Hb; and lastly in Fig. 7 B d 


an actual spectrophotometer tracing of such a 50% COHb solution has 
been obtained which should be compared with Fig. 7 4 to note the 
close resemblances. | | 


calculation, one finds that the calculated positions of the bands are 


= 


Further, by taking other ratios of CO and O, and making the same 
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always close to those actually observed, and we therefore are justified 
in considering the bands to be the same, whether the components are 
mixed together in one, or separated into two vessels, This was 
therefore adopted as the method of calibrating the instrument. 


CascucaTad 
$500 


B 
44... 


Fig. 8. The apparatus employed for calibrating the spectroscope in elevation and plan. 


_ Method of calibration by wedge troughs. Two wedge-shaped glass 
- troughs constructed from patent plate glass by the sealing process were 


mounted upon a trolley as shown in Fig. 8. This was arranged to 
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slide along on guides between the light source and the slit of the 
spectroscope, its position being registered by means of a scale 
graduated in j mm. 

The trough nearest the light was filled with a solution of O, Hb; 
the other, with some of the same solution saturated by prolonged 
shaking with pure CO gas. The two were then placed snugly side by 
side on the trolley so that as the thickness of CO Hb increased that 
of O, Hb decreased. Now it will be seen at once that here is a method 
having considerable advantage over a method of mixtures. 

(1) There is no possible chemical interaction between the two 
solutions, and therefore no correction for dilution, etc. 
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100 
9. ‘The calibration curve, 00 */, vertical, micrometer readings horizontal. 
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(2) That the CO solution may be saturated to a point far in 
excess of that actually necessary to saturate the Hb, and therefore any 
question of incomplete saturation at once abolished. | 

(3) An infinite number of mixtures may be at once obtained. 

(4) For a measurement of solutions by the burette is substituted 
the measurement of thickness by micrometer microscope. 

The wave lengths of the bands are recorded for different positions 
of the trolley, at least four independent readings being taken at each 
point and a mean taken. At the completion of the experiments the 
light being removed, but the wedge being still kept in position; the 
travelling microscope is now placed so as to be in line with the beams 
which traverse the spectroscope. This is done by reversing the direc- 
tion of these beams by placing a lamp at the eyepiece, and causing 
them to travel centrally down the microscope tube, the objective and 
eyepiece being for this purpose removed. The alignment being now 
complete the lenses are replaced and readings taken of the apparent 
thickness of the blood solutions, the COHb and the O, Hb for all the 
different positions of the troughs. It is found better in practice to 
measure the troughs empty, and to scatter pepper down the sides of 
the glass; this renders the surfaces much more evident, and makes the 
readings easier. In this way the actual thickness of the two solutions 
is ascertained independent of chance irregularity in the flatness of the 
sides of the troughs. The calibration curve obtained in this way is 
shown in Fig. 9, round it being plotted the actual observations recorded. 
The table on p. 14 gives the thickness of the solutions in the troughs 
and the recorded positions of the bands. 

Comparison unth gas pump. This was undertaken to, verify the | 
system of calibration, and was as a matter of fact the determining 


factor which led to the abandonment of the method of mixtures. The 


pump employed was that described by Barcroft', the samples being 
analysed in a Haldane gas apparatus; both were however modified to 
suit the present purpose. 

Preliminary experiments had shown the importance of the following : 3 

(1) The reduction of the nitrogen and oxygen carried by the blood 
and reagents in solution to the lowest values. : 2 

(2) Reduction of leaks to the smallest possible account. 

(8) Reduction of the volume of the gas sample by Preventing the 
of CO,. 

(4) The e of the blood for the spectroscope and ~~ to Me | 

1 This Journal, xxrx. 483. 1908. 
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in m. COHbin mm. CO%, Mean 
140 14°55 6-78 2 8 2 
185 14˙88 1-25 8-08 
180 14-00 1°57 10-1 5 4 6 
126 13-65 87 12 
120 13°25 280 148 18 
115 19-80 2-70 17-4 9 8 10. 9 
110 12°45 B05 19-7 12 12 11 11-7 
105 12°20 8-85 22 14 18 
100 11°60 3°65 28-9 16 14 14 14-7 # 
95 10-90 4°00: 26°8 14 16 17 15°7 # 
90 10-55 4-20 28-5 19 16 18 17-7 
886 10°88 4°42 30 20 20 20 20 1 
80 995 £76 82-4 25 28 20 
78 9°75 5-54 86 ˙2 
710 9°45 6°05 89°4 29 28 81. 29-8 
9°00 6°35 41-4 88 81 50 
00 8°50 6-58 48-5 336 34 
365 8 · O5 6-80 45°8 36 88 88 87-3 
30 118 48 42 42 41 41-7 
7°82 7.50 506 4 4% 1 2 
6-83 7-96 499 48 48 488 
35 6-65 8-40 30 51 62 31 
80 6°20 8°88 58°6 59 58 66 5777 
5°65 9°05 61-6 61 60 64 61-7 
20 5˙34 9-30 63-6 6 64 64 68-7 4 
ib 4-85 9°65 66-5 69 70 68 69 3 
10 4:70 10-05 68-2 11 70 72 71 
11:00 75˙8 81 88 84 82-7. * 
5 8-15 112% 686 80 91 
10 114 80-2 92 94 95 


as nearly simultaneous as possible and to be done avoiding access of air 
The preparation of the pumps was therefore carried out as follows: 
It will be seen on reference to Fig. 10 that the pump consists of two 
main parts A and B. The part A consists of the burettes, froth bulbs, 
condenser, etc., and is the part to which the blood and the reagents 
base access. Part B, which is separated from A by the glass mercury 
y sealed tap C, consists of the drying chamber and the mercury : 
q proper; in this the mercury is raised and lowered hydrolically as 
suggested by Barcroft.. New a second tap D, opposite the one between 
A and B, connects A to a Gerek pump; this tap is also of glass with a 
mercury seal. This pump was used in order that the part B should 
always be kept completely vacuous, except during those short periods 


8 
N 
5 
* 
* 
4 
. 
* 
* 
* 
a 
72 
17 
Ag 
* 
ha 
4 
* 
2 


CARBON MONOXIDE ESTIMATION. 15 


when the tap O being open gas is being drawn off from the blood. 
This had the advantage of keeping the e free from oxide and 
prevented any occlusion of nitrogen 

dy the glass sides of the tubes. The p f eo 
part A having been cleaned and re- > — 

placed, and mercury poured in all the . 
cups, the Gerek pump was connected = 

and a preliminary vacuum obtained. : 
50 cc. of a solution containing 1 c.c. | ) — 
25 / KOH and 25 cc. sat. ferro- aA. |] > 
cyanide solution were now run in, | : 

and the burettes immediately cleaned 
with distilled water. This solution 
was then thoroughly. boiled, to clear 
out all gases present in solution or 

_ sticking round the sides of the bulbs ; 

the temperature being raised to the 
highest obtainable, about 75° C., to 
facilitate this; the vacuum being all 
the while maintained by the Gerek 
pump. In the last stages the tem- 

_ perature was lowered and the final 
state of exhaustion reached with the 
mercury pump B. I consider this 
method of cleaning, setting up and = 
exhausting the pump, not inferior to Fig. 10. Barcroft’s gas pump. The 


that described by Buckmaster and ae 
Gardiner’. 

Beside freedom from leaks and occluded quien, is has the following 


(1) Application to practically any design of pump. 

(2) No glass blowing necessary. 

(3) Pump proper always vacuous and therefore the application of 
heat to this delicate apparatus with its attendant risks entirely 
obviated. ae 
The preparation of the blood sample was carried out as follows :— 
sheep's blood was centrifugalised and twice washed with Ringer's fluid. 
The corpuscles were laked by the addition of half their volume of 
% ammonia and thorough stirring. The hemoglobin solution was 

9 1 This Journal, x1. 472. 1910. 
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used in preference to blood for two reasons: Ist, larger 1 could 


be dealt with because of the absence of frothing; 2nd, because experi- 

ment showed that the proteins of the plasma were capable of themselves 
taking up a small amount of CO, probably by absorption. The solution 
prepared as above was roughly divided into two portions, the first was 
shaken in a flask with a quantity of pure CO gas, the two parts being 


then mixed and filtered through fine muslin. The suds being thus 


removed the fluid was passed into a shallow basin and gently rocked 
from side to side, any Hb not already saturated would now take up O, 
and the gases in solution would also reach equilibrium with the air 
tension. The fluid was now again filtered and placed at once in the 
burettes. A measured quantity was now run into the pump, the 
‘remainder being run from the burette into a small bottle and at once 


analysed by the spectroscope. 
The gases were removed in the usual way and were collected in 


analysis. 
Since the combination with CO is a staple one, requiring the Bad- 


cyanide to turn it out, the process of evacuation was continued til! 


it was impossible to obtain any more gas off the sample. 


Before describing the method adopted of estimating the gas ia 
I must point out that the first few samples analysed differed in many 


respects from the last six in the method of treatment. For example, in 
the first three, blood unprepared was used for the sample; similarly, the 


_ ferro-cyanide was added after a part of the oxygen had been drawn off in 


the usual way; the reason being that the advantages to be gained by a 


different technique had not at that time occurred to me. Now as with 


the pump, so with the analysis of the gases, the final method adopted 
was not thought out till six samples had been put through. The 
method first adopted was as follows: a portion of the gas was taken 
and analysed in the small Haldane apparatus, two estimations of the 
CO usually being done. The remainder of the gas was then placed in 


the ordinary burette, and the °/, of O, estimated by pyrogallol. This 


necessitated connecting the sample twice over, with the attendant loss 
of part of the sample in filling up the connections, which were initially 
filled with mercury; the equally attendant risk being present of getting 


air mixed with the sample. A consideration of the above convinced me 
of the necessity of using one piece of apparatus throughout; I therefore 
sacrificed the rather doubtful accuracy of the oxygen determination for 
an extra combustion experiment. Further, the Haldane apparatus was 
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 emodelled, a second burette was placed alongside of the ordinary one, 
and was connected so that it should measure off the total volume of the 


gas sample and should contain it till ready for combustion. Further, 


the platinum burner in the combustion chamber was altered so that 
instead of two separate glass tubes carrying the electrodes between 
_ which the platinum wire was connected, both should be carried on one 
glass tube, and damage to the heating wire greatly diminished thereby. 


Haldane gus improved comburtion 
and auxiliary burette, 


Lastly the mode of connecting up this wire with the electrodes was 
modified. Instead of the fine wire being twisted round the coarser, the 
latter was bent into a hook and then hammered round the fine wire, so 
as to make an absolutely positive metallic connection with it) I there- 
fore employed this for the last six pump = and found it to be 

most satisfactory. 

In these therefore the nitrogen present was not measured by 

difference in the usual way, but by taking the calculated quantity 

in each case, This assumed that there were no leaks and I used every 

‘precaution that this should be the case. For instance, one pump alone 

was used, and was not taken down between the experiments for cleaning; 

2 Tittle clean soda solution was drawn through instead by means of the 

ren. | | 17 5 
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this, 


Lastly, in order that any chance difference of the nitrogen 
from that calculated might be rendered less important, in none of the 
last six samples did the CO saturation rise above 50 ½, the majority 


HARTRT 


Gerek pump. In spite of this it was found that the froth bulbs 
remained clean and bright; great care was however taken to guard 
against over heating of ‘the blood, which may partly have accounted for 


being well under this. 


100 


The results of the analyses are given in Tables I and II below, and 
the final readings are in Fig. 12 plotted against the mean of the two 


9/00 ‘Readings O0 horizontal. Pump 


— 


* 


Fig. 12. The reaulte given by spectroséope and gas pump compared. 
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results of the two methods ; 
have about the same mean error, 8 


TABLE I. 
287 12 1766 85 1.588 46 
Sample ... ; — 55 4¹ 1-48 J ‘79 
00 — 188 1-048 4716 46 
Semple ... 2˙9 16 2°85 2-2 25 3-0 
0, oe 88 16 412 86 85 
Totalgas... .. 885 881 870 4˙ 465 
214 18 1˙34 4°05 2-68 
Oxygen .. 116 177 1 1753 
“18 1 1 1⁰ 12 
Nitrogen in gas 48 46 8¹ 54 0² 68 
Nitrogen in sol. ... 8 “44 
Total gases in Hb 272 8-24 8°30 4 
00% .. 401 40 ‘825 65 
Spectroscope % . 71 89 „5 74 74 
TABLE II. 
No. eee 7 4 8 9 10 11 12 
Sample... 1685 2˙%// %% 27 
55 +708 966 1048 
Sample .. 2215 1-96 233 25 
co 188 278 5 7⁴⁷ 938 
Sample ... — 187 1-75 2°87 — 
— 25 4 94 — 
71 74 7% 71 
Nitrogen 85 “85 ·85 85 85 85 
co 69 1:58 206 2-99 2°75 
Oxygen ... ... 6°66 5°49 4-82 4:14 3-64 8-49 
0, in we eee 8 8 8 8 8 8 
Total gases in Hb 595 6˙25 6-05 59 6°83 5-95 
00 / ... 3⁵ 47˙2 45˙4 
— 110 70 8 ·˙4 
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me spectroscopic compared with other methods. For. convenience 
in description, each factor will be considered separately. 

(1) The quantity of bléod required is probably about the same for 
each method, vis, 01 c.c.; it can if necessary however be considerably 
reduced below this, for use in the spectroscope. 

(2) The time taken for an estimation is certainly far quicker with 


the spectroscopic method. 
9 ‘The correction for dilation is ee below for each method. 


00% Spectroscope 
10 05 2 
30 5 85 
40 ‘15 
50 25 11. 
83 
70 2˙6 
80 9 44 
90 2 10 


(4) “Light are action on the 
dine the wave length of the light is independent of the light source. 15 


In the carmine method they alter the standardisation of the solution“. 
(5) Dr Haldane’® advises the avoidance of bright light, in making 
the titrations, because of the dissociation of COHb by light. I have 
reduced this error to the lowest possible limit, by the employment 
of the screening fluid, and by the switch control. 
(6) Both methods depend entirely on the correct visual judgment 
of the observer, and are therefore greatly influenced by such factors as 
fatigue, practice, etc. Douglas describes‘ how with the’ carmine 
method the normal facility of estimation is impaired, when under the 
influence of CO, I have not myself experienced a similar result for ie 
spectroscope, 
(7) The presence of . pigments in the blood with the exception 
of NOHb are without influence on the spectroscopic method; this is 
a question of considerable importance and is to be considered in a future 
paper. 


(8) In gas tension . the spectroscope may be used to 
follow the actual process of equilibration, since it is quite ‘unnecessary to 
separate the blood solution from the gas mixture under investigation. 


1 Haldane. This Journal, xx. p. 508, ee 
bid. xvut. p. 488. 1895. 
Ibid. xx. p. 504, 1896. 

© Ibid. xu. p. 476. 1910. 
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| 00 The capacity of the blood solution has a very marked influence 
on the accuracy of the carmine method; Dr Haldane describes! experi- 
ments in which it was necessary to contrifugalien the blood of birds, 
because the nucleated red corpuscles did not completely dissolve. With 
the spectroscope on the other hand, even semi-clotted blood offers no 
difficulty ; though a certain amount of light is necessarily lost in pene- 
trating the mixture. 

(10) Retinal adaptation as pointed out above affects the values 
obtained, not only by different individuals but also to a less extent by 
the same individual under different circumstances. For this reason 
absolute values are less to be relied upon than differences between 
carefully controlled experiments, and because of this the latter have 7 
always been used wherever possible. 5 


I wish to take this opportunity of expressing my thanks to 
Ur Bareroft for the loan of his gas pumps, and also for anes kind | 
the progress of this work. 
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‘THE ACTION OF VARIOUS CONDITIONS ON CARBON 
MONOKIDE HA®MOGLOBIN. Br H. HARTRIDGE 


From the Physiological Laboratory, Cambria) 
“The action of light, 


in describing the action of light. quotes the following 
experiment.. When air containing even as much as 1% of CO was 
shaken with blood solution in bright sunlight, no pink colour at all could 
be observed in the solution; yet when the bottle was taken into the dark 
the marked pink colour at once a on shaking. This experiment 
showed the powerful dissociation caused by sunlight, which I have 
entirely confirmed; as an example I may quote the following: | 


Dark 96% Sunlight 40% Dark 
Sunlight 42 / Electric light 88 / Daylight 80% 
Sunlight 35°/, Dark 92% 6% Magnesium 64% 


It would be a convenience if the reaction could be made irreversible, 
for one could then place the sample under the required conditions and 
estimate the change that had occurred in a given time. The following 
experiment was therefore tried: to a solution of COHb was added a few 
drops of ferri-cyanide; no change in colour occurred and no alteration in 
the bands if kept in the dark; but if now placed in sunlight, a rapid 
change took place, the solution turned brown, the methemoglobin band 
appeared in the red and the CO bands weakened, till at the end of three 
minutes the change was complete, The explanation of the above may 
be found in the fact that ferri-cyanide is without action on COHb. If 

however the CO is split off, the Hb is at once attacked and changed to 


1 This Journal, xx. p. 504. 1896, 
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- methemoglobin, and the reaction in this way made irreversible. Sodium 
nitrate was found to act in the same way, and could doubtless be 
replaced by any of the methemoglobin forming bodies. Further a few 
drops N/10, HCl also rendered the reaction irreversible, but was not 
found to give so sharp a contrast as ferri-cyanide between a solution 
enoluded. 

Three questions naturally arise with regard to this light action: 

(1) What rays are responsible? | 

(2) Are the precautions I have taken adequate? 

(3) Init due to decreased stability of COHD or an 
affinity of O,? 
With regard to the first, it was considered to be almost endet 
that the active rays must correspond to one or more of the absorption 
bands; to bring out this point the following experiment may be quoted. 
Some COH b solution containing ferri-cyanide was placed in a narrow 
vessel, and round it was poured some solution of O, Hb of the same 
strength in order that the light rays to reach the COH b should have to 
traverse one inch thickness of this, and in so doing would have those 
rays filtered off Which correspond to the absorption bands. The bands 
of OO and O, Hb being sufficiently alike for this purpose. If then the 
reaction was found to be slowed, it would indicate that the active rays 
correspond to one or more of the bands, but if unaffected, then to the 
rays between the bands. Now on doing the experiment it was found 
that the reaction took five times as long as usual, which showed the 
extent te which the harmful rays had been absorbed. I at once applied 
this observation by causing the electric lights in my room to be 
surrounded by jars, in which a dilute solution of blood was placed; this 
worked well but I found later that ordinary yellow or ruby glass worked 
equally well. 

Having shown that the active rays correspond to an 8 
band, the question arose as to which region of the spectrum exhibited 
the greater activity. Four little glass tubes containing the same 
mixture of CO Hb and ferri-cyanide were therefore placed in a spectrum 
projected by a diffraction grating and Nernst lamp, one was placed in 
the position of each band; on examination it was found that the solution 
pladed in the ultra violet had changed to methæmoglobin the other 
solutions remaining practically unchanged. This clearly showed that 
the ultra violet rays had been responsible for this action on the COH b 
and explains the value obtained in the first experiment quoted for the 
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20 H. HARTRIDGE.. 
dissociation caused by different light sources; these sources, rich in 


actinic rays, i. e. sunlight, magnesium, eto, cause a big dissociation, while : 
electric light, lamp light, etc., cause very little, because of their poorness 


in these rays. 

I now proceeded to ascertain how far the screening fluid e e 
in the previous paper had been successful in its object; 1 repeated the 
double vessel experiment mentioned above, replacing the O,Hb solution 
in the outer vessel by some of this solution. As was mentioned this 


fluid cuts off all rays, except those in the yellow green, and thus ex a 
only the one band to light action; I now found that some 25 minutes 


were required to complete the change—in sunlight which was eight times 


as long as was required for the unprotected solution—and I therefore 
considered this precaution had been adequate in reducing the dissocia- ) 


tion below the limits of experimental error. 


As to the nature of the light action, it might be due to inatability of 
the COHb or increased affinity of O, for Hb; to test it the following 
experiments were performed. If the affinity of O, is increased in 


sunlight, it appeared that it should retard the action of reducing agents, 
longer than if kept in the dark. To a solution of Hb was therefore 
added a few drops of ammonium sulphide, and half the solution was 


placed in a tube in the sun, the other half in a tube wrapped in tinfoil, _ : 


to prevent light action. But it was found that if any difference between 


the rates of reduction in the two solutions was to be observed at all, it 


was an increased rate in sunlight ; other experiments either confirmed 
this or showed no change; the increased rate was in the most marked 
cases only very slight and was probably caused by accidental warming 
of the solution by the sun. 

This leaves one with the alternative that COHb becomes unstable 
in sunlight. That unaided light action is incapable of breaking the 
linkage, is shown by the observation, that if the oxygen be removed by 
a reducing agent, then no dissociation of COHb takes place; showing 


that the affinity of O, for the Hb is necessary in addition to cause the 


reaction to occur. 

Haldane also investigated whether the light action could be due to 
alterations in the affinity of O, for Hb'; he prepared mixtures of air 
and hydrogen and was able to find no influenos of light on the resulting 
saturation of the Hb. Further he tried the effect of X wann on — 
and here again failed to note any change. | 


1 This Journal, xx. p. 506. 1896, 
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I of dilution. 


The e as to whether the laking of blood and the 3 
dilation with water affect the saturation reached at any given tension 
of CO is one of considerable practical importance. For the spectro- 
scope solutions are so much simpler to work with, in being able to 
| have readings taken direct without corrections for dilution. i 
Further there is the advantage that solutions get into . 
| with the gases with so much | 
greater rapidity. The time 
factor is well shown in one of 
the following experiments; the — 
method will however be con- 

_ sidered in detail as it has been ats 
applied to other questions that 8 
appear in the course of this 
A glass jar, with ground — 
_ stopper, was fitted to the face 
plate of a lathe, as shown in 
Fig. 1. Inside this jar was a 
carrier to hold 13 narrow test 

tubes. These tubes were fitted , 
with a cork through which a 
 eentral hole was bored; half 
the upper part of the cork was 
cut away, to ensure free com- 
munication between the air in 
the tube and. that contained —.— ag 
in the jar. Twelve of the „„ 

tubes were filled, each with 

a few ce. of the material to — — 
receive investigation, so. that tion of Hb. . 
when the jar was rotated the 
material would spread along the sides and thus offer 4 continually 
changing surface to the gas mixture. The thirteenth tube differed 
in being filled almost to the top with solid wax, the rest of the tube 
contained water and in this, mouth downwards, stood a small glass 
tube containing CO gas. It is clear that when the main vessel is 

a and fitted to the 6 mouth 
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of the small tube will run out, and thus allow the CO to escape and 
mix with the air the jar contains. All this takes place after the jar 
bas been closed, and was found to be a very satisfactory way of filling 
the jar with a known mixture of CO and air. To facilitate further the 
rupture of the water seal, a small piece of copper wire, hooked round, 
the open mouth of the small tube that contains the CO, prevented. 
actual contact. between this and the wax. Now after the vessel was 
screwed to the lathe, it was given two or three rapid turns to make 
certain that the seal was broken, and the CO had all escaped... It was 
then left for an hour undisturbed, to allow temperatures inside to 
become equalised, and to let the CO diffuse through the holes in the corks 
into the air in the tubes, and form one homogeneous mixture. The jar 
was then rotated continuously for half an hour, to obtain equilibrium 
between the samples and the contained gases, The jar was then 
opened and the saturations estimated in the spectroscope. 

I 00v return to the question of the resulte of exper 

ment were as follows: 


VUndilute blood „ 
Taked 26% 
_ Dilute blood (1 in 50) 
Te was obvious that the differences. in the results were due to high 
ratio of surface to hemoglobin offered by the dilute blood, compared 
with that of the undilute. In the second experiment I therefore used 
the same amount of hemoglobin in 
dilaton. 
1 nove were : 
odilute 62% 
Laked blood „„ 
Dilute blood 65° 5 79 
The first is still a trifle lower, probably due to the blood becoming 


a little dry; in the last — I — added a little — 
saline solution to this. 2 


Laked blood 5 F 


This hows thet hat d. iio er 
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the saturations were identical, and ee one is justified i in employ- 
ing a solution of blood where necessary. 

Haldane’s on this same gre with the 
Influence of lactic acid. 

describing some experiments on the effects of lactic acid on the 
dissociation curves of oxyhemoglobin, Barcroft pointed out“, that 
unless this acid had the same effect on the compound with carbon 
_ monoxide as it had on that with oxygen, the values obtained when 
there is oxygen want, for the oxygen tension by the carbon monoxide 
method, would be rendered unreliable. To investigate this point the 
same apparatus was employed as that used for the dilution experiments 
above; to the blood solution in the different tubes being added 1 c.c. of 
a 8 acid solution of given concentration. The Pharmacopaa lactic 
acid was used in 75% solution, this was diluted for use 1 in 100. 
The results of the experiments are given in the table below, the 
values are the average found for four tubes at each strength of lactic 


4 0 „ 
No lactic acid 28 ˙5 
85 40 55 68 

025 % 50 63 85 


All the experiments are not here given, as it was found in some 
ethan done at the same time, that the lactic acid had converted the 
blood into acid hematin thus causing the saturation with CO to rise 
above the value found for the control tubes; this being due to the fact 
that the COHb would not be so readily attached by the acid as the 
O,Hb, I find therefore that within the limits of experimental stro, 


Influence of species. | 

This f is a question of considerable practical importance 38 of 

its bearing on the employment of mice in coal-mines as an indication 
of poisonous quantities of CO. The evidence of the present workers 
on this subject, Haldane, Douglas* and Krogh‘, shows a marked 
— in the saturations of blood of 
1 This Journal, xx. p. 612. 1896. 

Journal, xia. p. 966. 1910-11. . 

Skand. Arch. F. Physiol. xxv. 
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when in equilibrium with the same tension of CO in air; the same 
difference only not so marked is sometimes to be found even in the 
blood of different individuals of the same species. | | 
My own experiments which are given below confirm these state- 
ments, I employed dilute solution of the blood samples mentioned, 
the %, of hemoglobin in each being approximately the same; the 


4 1 4. * + 2 * 
ͤ 


2 


apparatus was the same as that used in the investigation of the effects = 
of dilution above: | 3 
4 B D 
Man 7 233° 50 62 eee | 
Cat 10 1 48 60 67 
6 12 86 “a 
| B 0 5 
Man 19 65 50 68 3 
Mouse 4855 36˙5 46 — 
Btale sheep 22˙5 67 455 LS = 


No these individual experiments are not sufficiently numerous 
to enable one to make any definite statement with regard to the 
relative saturations of the different species examined; for this to be 
done, a number of individuals of each should be tested. | 

But for my purpose it was sufficient to prove the statement made 
by Haldane, namely, that in arterial oxygen tension experiments it is 
essential to employ blood taken from the subject of the experiment. 
Further I wish to call attention to the saturations found for man and 
mouse above for these confirm the conclusion of Haldane and 
Douglas; that mice as a rule become one-third less saturated than 
man at similar CO tensions. This invalidates the use of mice as CO 
indicators, the difference between the two species being further 
accentuated by the fact that at the same time, man usually has todo 

Work. 

The question at once arises as to the causes of this phenomonon, as 

I do not myself accept any theories as to non-identity of hemoglobin 
of different animals. I assumed provisionally the presence of some 

influence from without. Now there are two factors to be examined 
(I) salt action, (2) acid and alkali; the first as pointed out by Haldane’ 
would be certainly a possible cause, from the great influence salts were 
shown by Barcroft and Camis? to have on the hemoglobin contained 
in wi blood corpuscles; here however the differences are mone not only 


ren * Skand. Arch: J. Physiol, xxv. p. 176. 1912. 
* This Journal, xxxrx. P. 118. ‘1909-10. 
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in unlsked blood, but ale in a dilute in 
‘periments. 


Acid has been already investigated, it an therefore to test | 
| salts oa alkali. The results of the experiments were as follows : ; | 


+NaH,PO, 20 19 35˙5 ALS 


As far therefore as these salts are concerned, no explanation of this 
„ has been obtained; slight differences between the normal 
bdlood and that containing carbonate are to be observed, but nothing at 

: al comparable with that described above for different species. | 


effects of temperature. 
The first few experiments at once showed that temperature greatly 


influences the stability of OO Hb. 


‘Three tubes containing mixture of CO and air and a little blood 
solution were shaken in the dark at room temperature till fully 
saturated. Readings were then taken, and the tubes shaken hard for 

15 seconds in water at 70°C. On re-examining the tubes the CO / had 
fallen very considerably, the results being as follows: 


Room temperature 14°C. „ 
Water bath 70˙ C. „ , 


Further shaking however at the same temperature apparently had 
no other effect, than to cause the solution to coagulate. I therefore 
- commenced experiments to ascertain the temperature correction neces- 
sary in order to convert a given saturation of Hb at one tempera- 
ture to that at another. And it was clearly of distinct advantage to 
start at the lowest temperature and work upwards, since the initial 
experiments had shown how quickly the accommodation to a higher 
temperature takes place. Further the effects would be precisely the 
reverse of those that would be found if saturation were incomplete, 
lastly, if coagulation occurred at the higher temperatures it would not 
invalidate the previous readings. 

The experiments were performed as follows: six milk testing bottles 
were obtained (Fig. 2), and into each was placed a small quantity of 1 in 
40 blood solution ; the same solution was also placed in a large vessel 
in which the bottles could be totally submerged, while being filled with 
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the required mixture of ‘CO and air. Down een vessel, led 


a fine glass tube, which having reached the bottom turned abruptly on 


itself and ended in a fine nozzle, this was connected with a supply 


of CO and air of 1 to 16 which was controlled by a pinch cock. One 
of the bottles having been taken, and placed in a special holder, the 
process of filling took place in the following way: first the bottle was 


plunged mouth downwards into the water bath till the open end rested — 
on the bottom, the contents of the jar were stirred, and when the 
solution had reached a constant level inside the neck, the volume of air 


was read off and noted; the bottle was raised and lowered over the 
CO supply tube, passing this right up the neck till the nozzle was 


above the solution ; ; a small quantity of CO was admitted and allowed 


er he tt of 


tube and plunged down to the bottom a second time, and the reading 


taken. The difference between this and the last being the amount of 
CO admitted. The bottle was then raised, and a small rubber cork 
pushed into the neck, a small quantity of the dilute blood solution 


being enclosed with the gas mixture. The other bottles were filled 
in the same way as the above, and were then placed in a metal box, 


and a thick rubber band passed round. the lid. The water bath 


having been prepared at the required temperature, the box was 


plunged in and the contents thoroughly shaken for about half an hour. 


The bottles were then removed and readings taken in the spectroscope, 
the bottles 288 mouth downwards, so that the blood solution should 
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CARBON MONOXIDE HAMHOGLOBLx. 81 
drain into the narrow neck and thus offer a very small surface to the 
contained gases. Further the green solution into which the necks were 


_ placed during the observations had also been warmed in the water bath 


at the same time as the bottles, and thus the blood solution was kept 


a approximately at the same constant temperature. 


The temperatures investigated ranged from 0 to 60° C., two readings 


bei ey 10°; these are shown in the table below, « anid are 


55 B 0 V 
„„ 65 76 51 
65 78 48 

80° 63 53 66 5 88 

40 56 44 61˙5 10 20°5 92 ·5 

500. 48 39 56 —* 16 2808 

1 84°5 52 — — 20˙5 


-. Therefore for the range observed there is practically a decrease in the 
saturation of. 3% for every degree rise of en this being almost 


independent of saturation. 


This shows the importance of 8 the temperature sonnet in 
tension experiments, particularly at points of low saturation; this is a 


matter therefore of great moment when experiments on arterial oxygen 


tension are being performed. Now Haldane’s experiments on this point 


do not agree with the above; he found no difference between the 
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saturation of oxygen and human blood at 377 and room temperature’. 
There are however, oddly enough, experiments on mice in the same 


paper quoted, which do agree“ the experiments being as follows: the 


mies were placed in the cold so that their rectal temperatures fell in 
certain cases below 19°, and it was found that then the CO saturation 
reached was higher than that obtained at normal temperature ; that is 


to say the same effect as similar experiments performed in vitro. The 
mere effect of temperature may therefore explain them. Other experi- 
ments on the other hand by Lorrain-Smith' showed similar results for 


fever in which a rise of temperature would occur; the rise would not 
however amount to more than a few degrees, and it is possible that some 
other factor was here coming into play. I find that in their latest paper 


Haldane and Douglas‘ mention that the precaution should be taken 


to work at body temperature, in experiments on the arterial oxygen 
tension; the data of these experiments are however not yet given. 


Influence of 00. 


Haldane, Douglas“ and Krogh* are agreed that CO, has no 
_ specific action, that is, its presence or absence leaves the final saturations 
unaffected. 


My experiments were performed in the apparatus used in the : 
previous experiments, a slightly different method of filling being 
however employed. The bottles were filled half full in pairs, with the 


same mixture of CO and air; one bottle of each pair being filled up 


_. with nitrogen, the other with CO,. The latter gas was not absolutely 


5 pure, containing about 20°, of air. The results wers: 


CO, 8 56 30 67 41 #7 6 7 388 922 

15° C. 


‘This confirms the results of the previous observers, and has the 
important result of allowing the examination of alveolar air, without 


fears of the saturation being influenced by the co, 
1 This Journal, xx, p. 454. 1896; and xxm. p. 268. 1807-83. 


p. 288. 1897-8, * Ibid. p. 310. 
Skand. Arch. f. Physiol. xxv. p. 171. 1912, 
This Journal, xx. p. 518. 1896. EES 


Skand. Arch, Physiol, xxm. p. 221. 1010. 
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SUMMARY. 


(1) The following factors are without influence on the final satura- 
tion of hemoglobin with CO : dilution, lactic acid, OO, certain acid and 
basic salts, 

The following have a very marked influence: light, temperature, 


With regard to the first, I have rene that investigation is simpli- 
fied if the reaction can be made reversible, by addition of some chemical 
agent which removes the O, Hb but leaves the undissociated COHb 


- unaffected. The active rays are found to correspond to the absorption 


bands, those in the ultra violet being most active. The screening fluid 


employed in the spectroscope has been sufficient to reduce this nae 5 


action to a minimum. 

The dissociation is due to a change in the stability of COH b, and 
not to any alteration in the combination with oxygen. 

(8) Temperature has a most marked influence; the change i in the 
saturation being about 4°/, for every 1 degree rise of temperature; 
it is therefore relatively more important at low, than at high 3 
ture. 

(4) Equilibrium is reached at different saturations 5 the blood of 
animals of different species, 
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HEAT COAGULATION OF HAMOGLOBIN 
COMPOUNDS. By H. HARTRIDGE. 


(From the Physiological Laboratory, 192 


THE experiments to be described in this paper were suggested initially 
by a chance observation ; some tonometer experiments were in progress 
in which a dilute solution of blood was being brought into equilibrium 
with a known mixture of CO and O,, the saturation attained being 
determined spectroscopically by a method described in a previous 
paper. The temperature at which equilibrium was established varied 
from 0° to 60° C. and at the latter temperature it was found that 
whereas blood containing a high percentage of CO underwent no change, 
that in which it was low became increasingly opaque till from a slight 
cloudiness it had definitely coagulated. 
Trial tubes containing solutions of O, Hb and COHb placed side by 
side in the water bath confirmed the above observation; thus at 65 
balf an hour was found sufficient to coagulate totally all the O, Hb, the 
COHb being unaffected. | 
Now Chick and Martin have shown’ that the coagulation of O, Hb 

is a reaction of the first order, taking place between the water and the 
O, Hb molecule, and they determined the constants of the reaction. It 
seemed of interest to me to extend the observations to COHb and NOHb, 
to see if these formed a series of increasing stability to coagulation by 
hast; in the same way as they are said to do in their resistance to 
chemical dissociation. 
_ Method. The experiments were conducted in principle on the 
method employed by Chick and Martin; it was, however, modified in 
detail to suit better the present case. 
First it was necessary to use one standard solution throughout, since 
it was comparative values for the compounds that were e one 
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HEAT COAGULATION. 2338 


| had therefore to prepare material that coiild be stored for days 
without putrefaction ; for this a solution of Hb has great advantage 
over blood. The Hb solution was therefore prepared as follows: 400 cc. 
fresh dog’s blood were taken and rapidly cooled on ice; the corpuscles 
were separated by the centrifuge and twice washed with Ringer. They 
were then laked with ether, placed in a freezing mixture, and the mass 
allowed to crystallise. The crystals were then stirred with four times 
their bulk of 25 / ice cold alcohol and again centrifugalised ; they were 
then dissolved in some distilled water, the solution being made up to 
about the same strength as the original blood. A bottle of this stock | 
solution was kept on ice in a Dewar flask. The purity of this solution 
from serum proteins was tested with a fresh solution of basic lead 
acetate, no precipitate was found; it was also from time to time tested 
by the same method ſor methemoglobin’. 
: For use one part of this stock solution was diluted with 98 parts of 
distilled water, to this being added one part of a saturated solution of 
magnesium sulphate to aid agglutination ; the exact quantity was used 
each time as it was found that the amount present influenced the rate 


of coagulation. The experiments were carried out in test tubes, which 


were selected to be as nearly alike in thickness and capacity as possible. 
These were closed by well fitting corks, which had been nicked down 
one side with a knife; thus allowing the fluid, which filled the tubes to 
the brim, to escape as the corks were pushed home, with the total 
exclusion of air bubbles, and thus reducing any tendency on the part of 
the corks to come out, during an experiment. The water bath held 24 
_ litres of water, and was heated from below with a large Bunsen burner; 
no automatic gas regulator was employed. In this, and slightly to the 
side, stood a vessel which kept the tubes off the bottom and held them 
during an experiment. 7 
Regulation of temperature. The method employed for keeping the 
temperature of the tubes constant, differs considerably from that used 
by Chick and Martin. They conducted their experiments for com- 


paratively long periods of time, thereby making the exact regulation of 


temperature a factor of great importance, and therefore necessitating the 
use of an accurate thermostat. 
I I preferred to work for short periods, as that would lessen the 
possibility of dissociation of the COHb during the experiment; and 
thereby made time the more important factor. I therefore used no 
—— was seen to be impossible to make one with a 
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sufficiently short reaction time, and I employed instead a very large 


volume of water, which would undergo no sudden changes in tempera- 


ture; the Bunsen flame previous to the experiment was adjusted so 


that the bath temperature had a tendency to rise, this was checked 
either by more vigorous stirring to increase the heat loss, or by the 


addition of small quantities of water. Further it may be observed 


that the contents of the tubes would suffer less chance variation than 


‘the water in which they were placed. Previous to the experiment the 


water bath was heated about two degrees hotter than that required, the 
contents of the tubes were also warmed up to within a few degrees of 
the final bath temperature. They were then plunged simultaneously 
into the bath water, and stirring at once commenced. The bath 
temperature usually fell slightly and at the end of two minutes. was 
lowered exactly to the required temperature by the addition of cold 
water. If now for the three minutes that ensued, the bath remained 
steady, the experiment was commenced with the removal of the first 
tube. This was placed at once in a mixture of water and ice, to cool it 
rapidly. below the active temperature; when cold it was removed to a 


yack which received the tubes in order. When the last tube had been 


thus dealt with, the contents of all were filtered and the Hb in the 
filtrate determined by means of a colorimeter, O,Hb as hematin, but 


CO Hb directly as such by means of a special standard wedge. It should 


be mentioned at once however that in none of the experiments was the 


amount of Hb reduced to less than 50 % of that originally present, for it 


was found in the case of COHb at any rate that some of the uncoagu- 


lated Hb tended to be carried down with the coagulum ; this causing 
the apparent velocity of the reaction to increase as it proceeded, and 


thus depart from the theoretical relationship. Further it was found 
that the O,Hb solution gradually assumed a brownish tint which 


appeared to indicate some change other than that e for 185 
determination. 


Results for CO 


The results for the two compounds are given in Table I, and are 
_ shown plotted against time in Figs 1 and 2; in each ‘case the 
logarithm of concentration is given. 
From these curves the velocity constants for the several tempera- 
tures were obtained, and are given in Table II, the logarithm of 
the constante being pleted. temperate in Pig 3, after the 
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HEAT COAGULATION, 
of Chick and Martin; the as in their case 


almost near. 
ap 100 0 
* 
Fig. 1. Fig. 2. 
Fig. 1, Hates of Log. of concentration vertical. 
Time in minutes horizontal. 7 
Pes. Rates of coagulation of OO Hb. of concentration vertical 4 
| Time in minutes horizontal. 
TABLE I. 
Time between | 
Substance of bath in minutes 7 Logarithm of concentration 
162 5 98°6, 95°4, 92, 88°7, 85. 3 
0,Hb* 65 2 94, 92°8, 88-4, 88.5, 80. 
67°5 1 998, 95-5, 93, 90, 84°5, 78°6, 78˙6. 
70 5 998, 96°5, 94, 91-4, 89°3, 87, 84, 82, 60. 
COHb * 2 985, 95°5, 94°5, 91°56, 89°3, 87, 84°5, 83-2, 81-3. 
1 95˙4, 84:5, 88˙8, 82·5, 81˙8. 
50 10 95°5, 92°5, 89°3, 86°6. 
Meth. 58 8 91˙4, 80, 72-4. 
(55 2 94:6, 79, 65°5. 


* Estimated as hematin (acid). 
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38 H. HARTRIDGE. 


With regard to the temperature coefficients, that found for O, Hb, 
1˙4, corresponds closely to that obtained by Chick and Martin 13; 
this considering the different method of preparing the hemoglobin 
solution and for carrying out the experiment is a good agreement, and 
appears entirely to confirm the results of these observers. Their con- 
clusions with regard to the nature of heat coagulation of O,Hb are now 
extended to COHb; and it will be seen from Fig. 3 that the rates of 
heat coagulations are roughly the same as those of O, Hb at a tem- 
perature 11° higher; this entirely confirms the preliminary observations : 
made at the beginning of this paper. © Oe es 


Fig. 8. Velocity constants at different temperatures. Lng: of veloslty vertical. 
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HEAT OOAGULATION. 80 


Eaplanation of the resistance of COHb to heat coagulation. 
_- The resistance of COHb to coagulation by heat is entirely in line 
with the behaviour of this compound to other disintegrating processes; 
its resistance to the attacks of bacteria’ and its stability in the presence - 


of dilute acid and methemoglobin forming bodies; it seems however 


strange at first sight, that this linkage with CO should, in the case of 
heat coagulation at ‘any rate, appear to affect a reaction which more 
_ intimately concerns the protein portion of the Hb molecule. If it were 
the case however that the first step in the process of coagulation was 
one involving the breakdown of the Hb molecule as a whole, this 
necessitating in its turn a breaking off of the CO or O, from the iron 
containing radical, then one would appear to have reason to expect that 
_ COHD, being a more stable compound than O, Hb, would be better able 
to withstand breakdown and therefore also of coagulation by heat, the 
latter being but one indication that such breakdown has occurred. 


Against this however is the observation of Hoppe Seyler that when 


COHb coagulates a bright red precipitate is formed composed of 
albuminous substances and CO hemochromogen, which would indicate 
that coagulation precedes the separation of. the CO from the iron 
containing radical. 

But it should be mentioned that in my experiments a coagulum 
quite other than that described above was obtained; it was greenish- 
brown in colour and when dissolved in dilute KOH did not give the 
bands characteristic of CO heamochromogen, in fact it appeared in every. 
way similar to that obtained from O, Hb. It is possible that this brown 


ceoagulum might be due to inefficient saturation of the hemoglobin 


with CO, or to its dissociation during the experiment—I should 
mention however that I took every care to guard against both possibili- — 
ties, the solution was shaken with pure CO, not coal gas, and at once 
transferred to the tubes, with the least possible access of air. That the 
dissociation of COHb is possible in presence of free oxygen, is shown 
by the fact that if a reducing substance is present at the same time, 
eg. ammonium sulphide, then on heat coagulation the bright red 
coagulum described by Hoppe Seyler is produced, and the tempera- 
fare requires to be slightly higher for a given velocity than that found 
in these experiments. : 


Hoppe Seyler. Physiol. Chem. p. 486. 1666 
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with NO Hb. 


ge had Ried to have been able to subject the 8 to the 
following experimental verification; if CO can displace oxygen, to form 
with Hb a more stable sok, and one which is found to have a 
higher temperature of heat coagulation ; then NO which can in its turn 
displace CO should form a compound of still greater stability, and one 


therefore that should require a still greater temperature to cause its 


breakdown. 


The NOHb was prepared as follows: some O, Hb solution was reduced 
by warming in a stream of N,, to the solution had been added a little 


ammonia to neutralise any nitrous acid formed accidentally in the next 
process. The NO gas was now passed, till the formation of the scarlet 
colour typical of NOHb was thought to be complete. N, was now 


again passed to wash out excess of the gas; the solution being then 


removed and diluted 1 in 100 for use. Initial experiments were now 


performed to ascertain the approximate temperature at which coagula- 
tion commenced, and this was found contrary to expectation to be at 


about 50°C. So inexplicable did this appear that it seemed advisable 


to examine the NOHb, up to and if possible after the commencement — 
of coagulation; a spectroscope was therefore placed in such a position 
that a test tube of the compound could be examined while it stood in 
a beaker of hot water, the beaker was placed on a copper strip heated 


by a Bunsen burner. 
When examined in this way it was found that at about 40-50° the 


bands underwent a change, the a band appearing to divide into two ill- 
defined bands, till at 50° they appeared identical to those given by alk. 


meth. Hb, the colour of the solution underwent no apparent change ; 
almost immediately after this coagulation commenced. The contents 


of the tube were therefore rapidly cooled and were examined chemically 


with a solution of alk. meth. Hb as control; to every: reagent the 


solutions behaved alike. Further the solutions were placed side by — 
side in the water bath and were found to coagulate as one substance, it 


being impossible to distinguish them apart. 
This therefore had explained the apparent instability of NOHb, but 


left one to face the harder problem as to why the change to methæmo- 


globin should have occurred at all. There appeared to be but two 


possible explanations; first that the ammonia, added to prevent 
excessive acidity, was the cause, or second that NO had for the free 
O, dissolved in the solution an almost greater affinity than it had for 
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HEAT COAGULATION. 4 
the Hb. The first suggestion was easily tested and found ineffective, 
leaving the second to be tested, 
= Three methods to rendering the solution anwrobic were tried ; 

the first by vacuum pump failed from the impossibility of removing the O, 
without boiling the solution, this required at least 40°C. and at once 
caused the breakdown of the NOHb. The second by ammonium 
_ sulphide, appeared at all events to stop the formation of methemoglobin 
_ but did not seem to affect the temperature of coagulation. The third 
depended on very prolonged treatment with N,. All these attempts 
failed, whether from inability to remove the last traces of oxygen or 
from some other cause, I cannot say. Lastly it was found that some 
of the NOHb solution, that had been left in a flask for a few days at 
room temperature, had changed spontaneously into alkaline methw- 
moglobin. A change which does not appear to occur if ammonium 
sulphide is present. 


5 2 The results obtained with alkaline methæmoglobin under the 
impression that it was NOHb are | | f 


shown in Fig. 4. The velocity 
constants for this body are also 
plotted on the left of F ig. 3. It ALrALing 
will be seen that coagulation 


commences at a low temperature 

and has a high temperature o- „ 
efficient. Now with regard to 
the temperature coefficients found 

for the three compounds, namely 
1718 for OO Hb, 1°4 for O, Hb and 
1793 for alkaline methæmoglobin; 

the first approximates to that 
obtained for the majority of 
chemical relations, viz. 1'1 to 
1'15, while the last is very high 
indeed, being slightly greater 
than that found for egg albumen 
by Martin and Chick. 


Hardy has suggested that Pe ee Log. of concentration 
a high temperature coefficient vertical. Time in minutes horizontal. 
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F. HARTRIDGE, 


* 


might be caused by an alteration in the mean size of the protein 


- aggregates whereby the total surface was increased, and this would 


indicate that the size of the COHb aggregate remains almost constant : 
over the temperature range investigated ; while that of the methsemo- 
globin molecule varies considerably, between 


the two. 


Summary. 


0 The results obtained: for O,Hb as regards heat coagulation 


ee closely with those obtained by Chick and Martin, 


(2) The reasoning they applied to the heat coagulation of 0,Hb 


applies with equal validity to COHb. Its temperature coefficient is 1°18, 
its rates of coagulation are roughly those of O, Hb at 11° C. higher. 


(3) This stability of the COHb molecule to mgist heat is entirely 


in correspondence with its behaviour to other dissociating processes. 


(%) NOHb although able to displace CO from combination with 
Hb, is itself unstable tending to change spontaneously even at room 


temperature into alkaline methemoglobin ander conditions which have 
not yet been determined. 


(5) Alkaline methemoglobin has a temperature coefficient, higher 


than CO or O, Hb being near that of egg albumen. 
(6) This would appear to indicate according to the suggestion of 


Mr W. B. Hardy that the aggregates of methemoglobin vary greatly — 
in size with change of of COHb 


little variation. 
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CREATIN-DESTROYING BACILLI IN THE IN- 
TESTINE, AND THEIR ISOLATION. By F. W. 
TWORT, Superintendent of the Brown Institution, AND 
EDWARD MELLANBY, Beit Memorial Research Fellow. 


Gee he: Bees and the 
Physiological Laboratory of St Thomas's Hospital.) | 


Ix view of the fact that much of our knowledge of metabolism 
problems depends on feeding experiments, it is noteworthy that, in the 
interpretation of results, the possibility of the intestinal bacteria acting 
on ingested substances is seldom brought into consideration. It is 
obvious however, that this factor must be of importance, especially 
when it is remembered that micro-organisms are not confined to the 
large intestine but can be found in all parts of the alimentary tract, 
from the stomach downwards. Such a consideration is most urgent in 
the case of creatin and creatinin, because most of the evidence as 
to the part these substances play in the animal economy depends 
on experiments with the intact animal, and more especially on feeding 
experiments. But little information has been obtained by studying 
creatin metabolism with isolated organs, and this fact, taken in 
conjunction. with the late appearance in nature of creatin and creatinin, 
namely with the vertebrates, suggests that their function is a highly 
specialised one, depending on the normal performance of many other 
chemical processes in the body. Apart from a general consideration, 
some results obtained by Folin’, by feeding human beings with creatin 
under various conditions of dietary, raise the question as to whether 
bacterial action 
experiments. 

Folin’s resulta may be briefly stated thus: —(I) creatin taken by 
5 . together with a diet containing small quantities of nitrogen, 


Folin, Lancet, Sept. 1906, p. 788. 
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TWORT AND ER MELLANBY. 


is almost N retained in the body. Neither the creatin nor the 
nitrogen is excreted. (2) Creatin taken by the mouth, together with 
large quantities of nitrogen in the diet, is largely excreted unchanged. 

Having noticed how susceptible creatin is to bacterial decomposition, 
one of us (E. M.) suggested the possibility that Folin’s results were 
due to the action of intestinal bacteria. It seemed probable that, 
when the diet contained but little nitrogen, the intestinal flora lived at 
the expense of the creatin nitrogen, with the result that neither the 
creatin nor its nitrogen was excreted; but on the other hand, when 
there was abundant nitrogen in the diet, the creatin was untouched 
by the bacteria because more assimilable substances were present, and 
the creatin on being absorbed from the intestine into the blood 
stream was ultimately excreted by the kidneys, With the object of 
. this possibility the following investigations were under- 
taken. 


expervments, 


221 In an earlier paper it was noticed that, when an ane of 
meat was exposed to the air, all the creatin disappeared in the course 
of a few days, and we thought that an examination of the bacteria 
present in such a medium might give an indication of the type of 
micro-organism responsible for creatin destruction in the alimentary 
canal. Films were made from a meat extract medium in which all the 
creatin had disappeared, and on staining, various cocci, Gram negative 
bacilli, and a few large bacilli were found. By means of zrobic plate 
cultivation at 37°C. pure growths of a number of micro-organisms were 
obtained, including micrococci, bacilli of the colon type, and some large 
Gram positive bacilli belonging to the Mesentericus group. When these 
bacilli were inoculated into a medium containing creatin (5 / lemco, 
5% sodium chloride, 1% sodium bicarbonate, 1% glucose, 1% creatin 
dissolved in distilled water) the creatin remained untouched. All 
attempts to isolate creatin destroying micro-organisms by this method 
were unsuccessful. 

(b) In the next series of experiments we inodalated media 
containing creatin, with pure growths of certain well-known intestinal 
bacilli, and with other micro-organisms isolated from cases of colitis 
and cystitis. Two kinds of media were used: (1) The creatin medium 
described above. (2) A creatin-meat medium which consisted of the 
creatin medium with the addition of one gramme of muscle to 10 c.c. 


1 Mellanby. Journ. of Physiol. xxxv1. p. 471. 1908. 
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ORBATIN-DESTROYING BACILLI. 45 


of medium. Each medium was distributed in ordinary sterile test 
tubes in quantities of 10 c.c. and sterilised in the usual way by dis- 
continuous steaming. Tubes of each medium were inoculated with 


such bacilli as: Bacillus capsulatus Pfeiffer, B. cloace Jordan, 


B. pnewmonia Friedländer, B. coli Escherich, B. lactis crogenes 


_Egoherich. 


We also tested several Gram negative motile bacilli which 
fermented glucose and saccharose, and liquefied gelatine, but did not 


ferment lactose or dulcite. When allowed to grow for one or two days 


at 37° C. Bacillus capsulatiia, and B. lactis wrogenes were found to 


destroy part of the creatin about five out of ten milligrammes were 


usually broken down. All the remaining bacilli gave negative results. 


From these experiments it was clear, that none of the bacilli tested 
could be regarded as of much eT from the point of view ae 


consideration. 


| 1 of faces for destructive micro-organisms. 
Firat method. Using the creatin and ereatin- meat medium 
desoribed above, we inoculated tubes with minute quantities of fmcal 
material and placed them under erobic and anzrobic conditions at 37°C. 
We found that the creatin of the creatin-meat medium was completely 


destroyed in all the tubes. In the absence of meat however, the 


ereatin was either left intact or only slightly broken down. Those 


tubes in which the creatin was destroyed were sub-cultured on to fresh 
tubes of creatin-meat medium, and here again the creatin was always 
completely destroyed. We then endeavoured to isolate the effective 
micro-organism from a tube in which the creatin had been destroyed, 


by making a number of plate cultivations on ordinary agar, glycerine 


agar and agar containing minced meat. Numerous colonies were 


isolated from the plate cultivations including varieties of the colon 
sub-groups, various micrococci, streptococci, diphtheroid bacilli, strep- _ 


tothrices, blastomyces, sarcins and moulds. These pure cultures were 
inoculated into the creatin and creatin-meat media, but. all. gave 


negative results with the exception of one variety of colon bacillus. 


This colon bacillus did not completely destroy the creatin in the 
medium, we found that 25-50% always remained unchanged however 


long the period of incubation. Its action on creatin was most marked | 
in the absence of meat. The bacillus proved to be Gram negative, and 


fermented glucose, lactose, dulcite and saccharose. We attempted to 
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46 F. W. TWORT AND R MELLANBY. 
increase its property of destroying creatin by growing it in the creatin 


medium with the various other micro-organisms isolated, and also by 


repeatedly sub-culturing on creatin medium, but without success. 


From the above experiments, and especially from the observation 
that fecal inoculation caused a rapid and complete disappearance of 


creatin only in the creatin-meat medium, whereas the creatin-destroying 
colon bacilli so far tested caused a partial disappearance of creatin only 


‘when meat was absent, we concluded that the micro-organism in the 
feces responsible for this chemical change was not among those so far 


tested. Further, in view of the different conditions under which the 
fecal micro-organisms and the isolated bacilli were found to act, it 
seemed probable that they did not even belong to the same group. 

Second method. In the second and successful method for isolating 


the creatin-destroying micro-organism from fmces we proceeded as 


follows :—A medium was used which, while it allowed micro-organisms 
that destroy creatin to grow, was of such a nature that it was more 


difficult for those not possessing this special aptitude to survive. On 


repeated sub-culturing on to fresh tubes of identical medium the creatin- 
destroying micro-organism was relatively increased, with a sores aceite 
diminution of other types. 

It bad been noted in earlier experiments, that in the creatin-meat 
medium in which the creatin was broken down a considerable number 
of large Gram positive bacilli were present, whereas in the creatin 


medium where the creatin was untouched, this particular bacillus was 
only present in comparatively small numbers, and tended to diminish 
in the sub-cultures. It seemed possible that this large Gram positive 


bacillus might be in some way responsible for the destruction of creatin, 
notwithstanding the negative results obtained with a large Gram positive 


_ bacillus isolated in the earlier experiments. It was also observed that the 


bacillus grew most abundantly at the bottom of the tube and particularly 
in the meat. It was reasonable to suppose therefore that this bacillus 


might be an anzrobe, in spite of the fact that the creatin of the creatin- 
meat medium was always destroyed both under anzrobic and wrobic — 
conditions. In the wrobic tubes the abundant growth of the various 


types of colon bacilli also present probably sufficed to produce a condition 
of anwrobis. It was found impossible to isolate the Gram positive 
bacillus by plate cultivation unless certain precautions were taken to 
prevent the motile colon bacilli from spreading over the plates. It was 
also found convenient to diminish the large preponderance of the colon 


bacilli, and to attain this end, meat extract and peptone were omitted 
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OREATIN-DESTROYING BACILLI, 


from the fluid medium, which now consisted only of a dail portion of 
musele in tap water. Tubes of this medium were sterilised and after 
boiling and cooling to 37°C., were inoculated with small portions of 
infected meat from the original tubes of creatin-meat medium in which 
all the creatin had been destroyed. The tubes were capped with gutta 
percha tissue and incubated for 2-3 days at 37 C. The fluid portion 
of the medium was then poured off and a portion of the muscle 
thoroughly washed with several changes of sterile normal saline. 
Sub-cultures were made from the centre of the piece of muscle on to a 
fresh tube of meat-water medium as before. The sub-cultures were made 
for four generations, and by this means the number of large Gram 
positive bacilli was considerably increased. From the last sub-culture a 
portion of muscle was removed and repeatedly washed with sterile salt 
solution. From the centre of this, plate cultures were made on to a 
medium consisting of ordinary peptone bouillon containing 2% agar 
and 2% gelatine. The gelatine was added to prevent the diva of 
motile colon bacilli from spreading over the surface of the medium. 
The plates were placed in a Bulloch’s anwrobic apparatus, and in order 
to prevent the formation of condensation water the caustic potash and 
pyrogallic acid were placed in the dish dry. Hydrogen was 
through the apparatus, the internal pressure reduced with an air pump, 
and sufficient water run in to dissolve only a part of the pyrogallic acid. 
The cultures were incubated as usual at 37 C., and after a lapse of 
24-48 hours were found to contain a fair number of discrete colonies, 
including a few which proved to be pure growths of the large Gram 
positive bacillus. From these colonies pure cultures were obtained ou 
agar and glucose agar. The bacillus proved to be an anerobe and 
when inoculated into creatin media quickly destroyed all the creatin. 
If other micro-organisms such as Bacillus typhosus, B. fwcalis 
alkaligenes, B. coli and B. pneumonia were inoculated with the anærobe, 
the creatin was effectively destroyed, even when the cultures were grown 
Wrobically providing the tubes were capped with gutta percha tissue. 
The growth of the wrobic micro-organisms proved to be sufficient to 
remove any oxygen present in the medium. 
___ This creatin-destroying bacillus also shows the following characters: 
in size and shape it is similar to the B. wrogenes capsulatus, motility 
is absent, and no spore formation has been detected. It is a strict 
anzerobe, stains with ordinary aniline dyes, and retains the stain in 
Gram’s method. It grows only slightly at room temperature, but very: 
well at 37°C. and up to 50°C. or a little higher. The bacillus ferments 
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4 PWORT AND E MELLANBY. 


glucose, lactose and saccharose, but with dulcite only an occasional 
bubble of gas is formed. It grows best in the presence of solid muscle 
and glucose, but if the glucose be increased to 2% the micro-organism — 
produces so much acid that it is soon killed. The cultures are best 
kept alive in ordinary peptone bouillon agar stabs maintained under 
anwrobic conditions. The bacillus shows a close morphological re- 
semblance to the B. wrogenes capsulatus of Welch, but a pure culture 
of this bacillus obtained from Kräl of Vienna was not found to — : 


ereatin in any way. 1 
The distribution of creatin-destroying bacilli in the intestins. 1 


A cat was kept on a milk and bread diet for a month, and during 
the same period another cat was given meat. At the end of this time 
both cats were killed and the intestine exposed. The surface of the gut 
was sterilised with a hot spatula at different points from the duodenum 

to the rectum, and a small quantity of the intestinal contents removed 
with a Pasteur pipette and inoculated into tubes of ereatin - meat medium. 
These tubes were placed at 37°C. and after four days incubation the 
creatin was completely destroyed in all the tubes. It may be noted that 
the milk diet had not eliminated the creatin-destroying micro-organisms 
even from the upper part of the intestine. In films taken from these 
cultures the large Gram positive bacillus was more abundant in the 
case of the meat-fed cat, bat it could be detected in some of the 
cultures taken from the milk-fed cat. 

These results, taken in conjunction with the isolation of specific 
creatin-destroying bacilli from human feces, suggest that the human 
alimentary canal is inhabited by such bacilli for a considerable part of its 

length. Although our investigations by no means prove that the results 
obtained by Folin are due primarily to the action of intestinal bacilli, 
yet it is clear that bacterial action cannot be excluded when interpreting _ 
the results obtained in feeding experiments, — when ‘sreatin 
is the substance investigated. 


on 


As already stated, the B. wrogenes capsulatus causes no 3 
‘of creatin. Negative results were also obtained with: -B. wdematis — 
maligni, B. butyricus cadaveris; B. enteritidis sporogenes, B. anthracis 
symptomaticr, B. botulinus. Strangely enough the only well-known 
anterobie bacillus which was found to ease down creatin was the 
bacillus tetani, did 80 
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OREATIN-DESTROYING BACILLI. 40 


(1) A method is described whereby a bacillus can be isolated 
from human fieces which can effectively destroy creatin. It is a large 
Gram positive bacillus and a strict ansrobe. It acts best in a medium 
containing solid muscle. Bacilli of the colon group usually increase 
the rapidity of its action, probably by producing more perfect anserobis. 

(2) A few varieties of bacilli, all lactose fermenters, belonging to 
the typhoid-coli group (colon group) can also destroy creatin, but the 
destruction is never complete. 

- (8) In the intestinal contents of a cat, fed on either a milk or a 
meat diet, are found micro-organisms which destroy creatin. These are 
not confined to the large intestine but inhabit the small gut up to 
the duodeno-jejunal flexure. 

(4) The results obtained render it necessary that the action of 
_ intestinal bacteria must be considered in the interpretation of creatin 
feeding experiments. 

(5) The tetanus bacillus, one other bacilli tested, 

destroys creatin. | 
We 
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‘THE EFFECT OF A DIET OF POLISHED RICE ON _ 
‘THE NITROGEN AND PHOSPHORUS OF THE 
"BRAIN. br CASIMIR FUNK. 


1 


(From the Bio- chemical Department, Lister Institute 


In my previous paper I described the method for isolation from rice- 
polishings of a substance which cured polyneuritis in birds. The basic 
character of this substance and its occurrence in that fraction soluble in 
alcohol suggested the idea that the substance might be a constituent — 
base of a lipoid or cerebroside@. The basic constituents of lipoids have 
received little attention hitherto, but MacLean has found that in 
certain lipoids about 60% of the total nitrogen belongs to a base other 
than choline. From the severity of nervous symptoms in beri-beri and 
the increased secretion of nitrogen and phosphorus in the urine of beri- 
beri patients it seems probable that the symptoms may be due to a 
destruction of lipoids in the body, especially in the nervous tissues. 
| As a preliminary to investigating normal brains for the presence of 
such a base (this work being now in progress), experiments were made 
to ascertain whether any differences could be detected between the 
contents of nitrogen and phosphorus in the brains of normal pigeons and 
in those suffering from polyneuritis. Similar investigations have been 
carried out on the phosphorus content of brains of pigeons suffering 
from polyneuritis by Schaumann who employed a slightly different 
method, but he was unable to find any differences chemically from 
normal brains. 
Another point of interest was to determine the total nitrogen 
content of the brain in polyneuritis pigeons and to find the relationship 
between this and the nitrogen contained in a dose of the substance 
sufficient to cure. In previous experiments I have found that a very 
small dose (4 mgr.) of the basic substance was sufficient to cure. 
Schaumanno in a recent discussion on this subject suggested that the 
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BERI-BERL 
1 therefore may act as a hormone. The average 8 


content of a pigeon's brain suffering from polyneuritis was found to be 


about 38 mgr. and as the substance probably acts on the nervous 


tissue, the relation between the nitrogen content of the curative dose 


and the total nitrogen content of the brain appears too large to agree 


with Schaumann’s hormone theory. 


The brain of normal pigeons was found to contain on the average : 
9°77 °/, nitrogen and 1°84°/, phosphorus and that of birds suffering from 
polyneuritis 9°31 °/, nitrogen and 1°53 / phosphorus. These figures 


correspond to a loss of a larger proportion of the phosphorus than of the 


nitrogen of the brain, which might be expected if the disappearing 


substance were of a lipoid nature. This marked difference leads to the 
_ conclusion therefore, that polyneuritis is caused in the first place by a lack 


of cured pigeons (Table III) killed 24 hours after the cure shows that 


out directly and dried in a vacuum desiccator. The dried organ was 


breakdown of the lipoids of the brain. 


weight, and the nitrogen and phosphorus determined by the usual 
methods. The cured pigeons (Table III) were cured by different 


in the food of this basic substance which is necessary for the normal 


metabolism of the nervous tissues. As the result the lipoids of the 
medullary sheath within and without the central nervous system are 
more or less disintegrated. On the other hand the analysis of the brain 


the resumption of function in the axis cylinder is not sages al | 
followed by reparation in the medullary sheath. 
Eaperimental. After the pigeons were killed the brain was oe 


finally powdered and dried at room temperature in vacuo to constant 


fractions of the milk- and yeast-lipoid and fractions from lime - juice and 
killed 24 hours after the cure. Underfed pigeons were used as controls 
(Table IV) and were fed on 5 grm. maize daily until they lost between 
17 and 27 / of their body weight. As shown, no appreciable loss ‘a | 


In 1 of birds produced by a diet of 1 rice, the 
analysis of the brains shows a sensible diminution from the normal of 
nitrogen and phosphorus content, in a proportion which — a 
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a Casimir Funk This Journal, Tin. p. 895, 1911. 

02 Casimir Funk. Trans, of the Soo. ot Trop. Med. v. p. 66. 1911. 5 

(8) MacLean. Ztschr. f. physiol. Chem. p. 228. 1909; Biochem. rv. 
p. 240. 1909. | 

i Schaumann. Arch. f. Schiffs- ieee Tropenhygiene Beiheft. 8. 1910. 
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THE. EFFECT OF INHALATION OF OXYGEN ON © 


THE RATE OF THE PULSE IN HEALTH. By 


JOHN PARKINSON, M.D, MRCP, Medical Registrar to 


London Hospital. 


Noxx of the early workers on the effect of oxygen on the pulse seem to 
have noted any effect on the rate except Demarquay who stated that 
it is generally increased, although in some cases this does not occur and 
in others a slight slowing is produced. In 1871 H. A. Smith@ made 
some observations on twelve healthy persons. He found that in four of 
these there was no alteration in the pulse rate but in the remaining 
eight a fall occurred averaging nine beats per minute. Neither of these 
observers gives any account of the methods he employed. Some years 
later Quinquaud@ performed seven experiments on dogs, in which 
oxygen was administered from a bag for 10-20 minutes. In every 


case the rate of the pulse was reduced; the average rate before inhala- 


tion of oxygen was 110 and at the end of the inhalation 87. Wood and 
Cerna investigated the action of certain gases upon the circulation 


and came to the conclusion that the inhalation of oxygen has no effect 


upon the heart. The experiments are few and unconvincing; the kind 


of animal employed is not stated. Loewy in a valuable monograph on 


the effects of air mixtures at various pressures, simply mentions that 


continued breathing of air rich in oxygen results in a reduction of the 


pulse rate. From four experiments on healthy men Aron concluded 
that oxygen has no marked effect on the pulse rate but tends to increase 
it. In one experiment the rate remained the same before and after 


oxygen, in two the rate increased by two, and in the remaining one by 


four. No details are given of the methods employed, The first careful 
and unexceptionable investigation into “the effects on men at rest of 


breathing oxygen-rich gas mixtures” was made in 1911 by Benedict 
and Higgins. Mixtures containing 90°/, oxygen were breathed in 
@ respiratory chamber for 10-15 minutes. Each experiment was re- 
peated with air in place of oxygen. Full details and figures are given 


RAS 


8 


1 
* * 4 
OARS 
2 
. 
- 
2 
* 
4 
~ 
2 
. 
| 
7 
1 
Wad 
2 5 | 
| 
| 
yz | 
— 
* 
ae i; 
4 4 
. 
«J 
. A 
a 
ing 


OXYGEN ON PULSE RATR. 38 


of twenty-one experiments on six subjects. The average rate of the 
pulse whilst breathing air was 64 and wale eee Os oxygen for 


10-15 minutes it was 60. 


Hapervments and results. Twenty experiments and five controls 
were performed on ten healthy students who kindly consented to assist. 
No inquiry was made concerning their normal pulse rate. No experi- 
ment was repeated on the same day. The subject reclined on a bed for 
30-40 minutes before any observations were made. A Mackenzie's ink 
polygraph (with time marker) was then connected with the wrist, 
Tracings were taken at intervals of five minutes throughout the experi- 
ment. Rach tracing was long enough to permit a count of half 
à minute in experiments 1-10 and of a minute in experiments 11-25, 
The period as given by the time marker was measured by dividers on 
every tracing in order to eliminate possible variations in the rate of the 
clockwork. By using a polygraph the personal factor in counting was 
eliminated and the rate of the pulse ascertained at the end “ the 


experiment. 


Tracings were taken ten minutes, five minutes, and imausiliataly 


_ before oxygen was given. Oxygen from a cylinder (ie. commercially 


pure) was then administered for thirty minutes through the bag and 
mask of an ordinary nitrous oxide inhaler with inspiratory and expira- 
tory valves. During the thirty minutes of oxygen inhalation, tracings 
were taken at the end of each period of five minutes. Three tracings 
were taken five, ten, and fifteen minutes after the administration had 
stopped. 

The five control experiments were made in exactly the same manner 
except that a cylinder of air replaced the cylinder of oxygen. The five 
subjects were chosen from those students in whom the “slowing” action 
of oxygen was most definite. They were unaware of the fact that air 
had been substituted for oxygen. It may be suggested that the pulse 
rate would fall slightly apart from oxygen, even after 30-40 minutes 
rest in the horizontal position. The fall in rate on giving oxygen and 
the rise when it was stopped are too definite for such to be the explana - 
tion, and the control experiments clearly show that this objection cannot 

be maintained. The rate of respiration was not measured because the 
method of administration through an inhaler admits of too many sources 
ol error. A respiratory chamber would be necessary for observations on 
the rate of respiration and such have already been made be Benedict 
and Higgins who found 1 no change. 


* 
8 
2 
— 
2 
‘Wd 
3 
* 
— 

— 
*. 
. 
* 
a 
sa 
fist 
3 
. 
“as 
4 


PARKINSON. 


Tus pulse rate at the end of each period: of five minutes. 
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Before oxygen 


During oxygen 
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2 2 2 2 2 


“Average 68˙5 67 65-4 65-2 63S 68-4 633 668 65-9 672 


- Calculating from these average figures the rate of the pulse was 


64°2 during oxygen 


68 before oxygen 
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59˙6 57°83 59 60-4 566 696 586 506 686 57 


Average 


Calculating from these average figures the rate of the pulse was 
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591 during administration of air 


88 after administration of air had been stopped. 


58°7 before administration of 
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These results prove that the rate of the pulse in health is usually 
reduced by the inhalation of oxygen. The experiments on V. T. (II and 
12) showed in one case an increase in the average rate by two beats 
and in the other no change. . His pulse is always unusually slow in rate 
and shows extra- systoles. In H. S. C. H. and J. R. R one experiment 
showed a definite reduction in pulse rate and the other no change. The 
remaining experiments all showed reduction in the rate. A reference 
to Table I suggests that the change usually begins in the first few 
minutes of the inhalation and the rate continues to fall slightly 
throughout the thirty minutes of administration. After the oxygen is 
stopped the pulse rate at once increases and almost regains the original 
rate in fifteen minutes. 

The explanation of this action of oxygen is difficult. It does not 
appear to be due to interaction of the respiratory and cardio-inhibitory 
centres for there is no evidence that the respiratory rate is affected by 
oxygen (see Benedict and Higginsm). Nor is there evidence that any 
alteration in the blood-pressure occurs. In Experiments 1, 3, and 5 and 
in two other subjects the blood-pressure was measured by a modified 
Riva-Rocci Sphygmomanometer before and after the inhalation of 
oxygen for half an hour ; no change was observed. Although the 
viscosity of the blood is said to be reduced by oxygen inhalations in 
polycythemia from various causes, it has not been claimed supa in 
health any such effect on the blood is obtained. 

It is probable that the heart muscle supplied with excess of oxygen 
itself works at greater advantage and also provides the amount of 
oxygen needed by the tissues with less expenditure of energy, de. by 
fewer beats. Whatever the explanation may be, this effect of oxygen 
on the pulse rate is further evidence that the blood, even in health, will 
take up additional oxygen when an excess is offered. The oxygen must 

be absorbed before it can affect the cardio-vascular system. In those 
cases of disease of the heart and lungs in which the rate of the pulse 
is imereased, the administration of oxygen will be found as a rule 
to reduce the rate. Doubtless the greatest effect is produced when the 
heart is ill supplied with oxygen, but reduction in rate must also 
de attributed in part to this pharmacological action of oxygen. 


| I am greatly indebted to Dr Leonard Hill for guidance in the 
| arrangement of these experiments. 
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Domarquay. Essai de Pnoumatologie, p. 669. Paris 1866, 
( H. A. Smith. New York Med. Rec. . p. 481. 1871, 

(8) Quinquaud. C. R. de la Soc. de biol. p. 687. 1884. 

(4) Wood and Cerna. Therap, Gaz. vr. pp. 509, 583. 1890. 

(5). Loewy. Untersuch. u. die Resp. u. Ciroul. Berlin (Hirschwald), p. 148. 1895, 
(6) Aron, B. Berl. klin. Woch. xxxvir. p. 972. 1901. 


(7) Benedict and Higgins. Amer. Journ. of — XVIII. p. 1. 1911. 
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THE DISTRIBUTION AND PHYSIOLOGICAL ACTION : 

OF THE SUPRARENAL MEDULLARY TISSUE IN 
PETROMYZON FLUVIATILIS. By J. F. — 
Beit Memorial Research Fellow. | 


From 


THE presence, in the greater part of the vertebrate kingdom, of tissues 
corresponding to those of the mammalian suprarenal cortex and medulla, 
has been long established. In certain groups of fishes however nothing 
definite was known until the publication of the investigations of 
Giacomini. He established the presence of similar tissues in these 
groups, thus completing the evidence for their universal presence 
throughout vertebrates. The groups investigated by Giacomini: were 
firstly the Cyclostomes' as represented by the Lampreys (Petromyzon 
marinus, P. planeri) and its larval form Ammocetes; secondly the 
Teleosts*, as represented by the Eel (Anguilla vulgaris), the Pike 
(Loom lucius) and other freshwater forms; and finally the Ganoids*, as 
represented by the Sturgeon (Acipenser sturio). In all these different 
forms he was able to show the presence of two separate diffusely 
scattered systems of tissue, corresponding respectively to the medulla 
and cortex of the mammalian suprarenal. He relied on histological 
methods only in his investigations, using the reaction to potassium 
bichromate to identify the tissues corresponding to the suprarenal 
medulla, and a difference of staining reaction in osmic preparations 
to identify the tissue corresponding to the suprarenal cortex. 

The present investigation was undertaken to determine whether the 
identity of the chrome staining tissue with adrenal tissue could be 
substantiated by physiological methods. 

Since, during this investigation, the distribution of the tissues 

described by Giacomini has been confirmed, a short account of their 
| 1 Giscomini, Monit. Zool. Ital, xu1. p. 148. 1902. 
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60 J. F. GASKELL. 


distribution may first. be given. Giacomini’s chief investigation was 


made on P. marinus. He however established an almost identical 
distribution in P. planeri and in Ammocetes. In the present investiga- 
tion P. fluviatilis was used, as it was the more easily procurable. 
The only difference of the distribution in the two animals is that the 
tissues in question are more scanty in the smaller animal P. Nuviatilis; 
their regional distribution is essentially the same in both animals. The 
diffuse nature of the distribution of the chrome staining substance is 


morphologically of much interest, as it so closely corresponds with the 


earliest distribution of the chrome staining tissues in the mammalian 


embryo. The researches of Kohn’ in the mammal have shown that the 
tissue appears early in embryonic life, and extends from the cervical — 
region to the Sacral, having a most diffuse distribution ventrally and 

laterally to the aorta. It is not till birth that the concentration into 


masses takes place, so as to form the suprarenal medulla, the carotid 

d and the organ of Zuckerkandl, at the bifurcation of the aorta. 

e latter organ shortly afterwards disappears, a process which has also 
occurred earlier with many of the scattered nodules of pai tissue 
originally present. 

In P. flumatils both tissues are widely distributed, The —— 
staining substance is found in every segment from the second 
branchial to nearly the end of the post-anal region. The cortical 
substance extends nearly as diffusely. The tissue corresponding to the 
suprarenal cortex consists of scattered islets, very often composed of 


only two or three cells, which lie in the tissue round the cardinal veins 
on their lateral and ventral aspects (Fig. 1 cf.). Some groups of these 


lie between the aorta and the veins and so may come into contact with 


the chrome staining substance, whose distribution is about to be 


described. The tissue does not extend into the branchial region, but 


extends caudally as far as the chrome staining substance does, that is to ; 


say nearly to the end of this region. 
It is also associated with two other organs, the 3 lying at 


the bottom of the pericardial sac, and the kidney proper. Nodules are 


scattered throughout the pronephros, and similar islets obtain relation 


to the kidney proper as they lie round main where 


these run into the organ. 


Giacomini relied on the different. ‘appearance af these cells i in 
preparations to differentiate them from the cells e neutral fat 


among which they lie. pees 
Kohn. drch. Mier. Anat, Ba. ran. 8. 268, 1008, 
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SUPRARENAL OF PETROMYZON. 61 


The distribution of the chrome staining ‘substance: will be first 
deseribad in the region of the kidney proper, and then the variations 
which occur in other regions will be mentioned. Giacomini identified 
the tissue both by the chrome reaction and also by the deep staining of 
the cell protoplasm with hematoxylin and hemalum. He worked with 
tissue fixed in Fleming’s fluid and embedded in paraffin. The present 
work has been done with material fixed in formol Müller solution, 


embedded in gelatine, and examined unstained or stained very lighily, 


so as not to obscure the chrome reaction; or embedded in paraffin, cut 
serially and stained with the cells — — the 


et 


mo 


method of obtaining tissue for extraction. The walls of the cardinal veins were cut 
ie through at the points indiosted by the short thick lines, and the central mass was 

_ A.C, abdominal cavity. Ao. sorte. 0. v. cardinal veins, N. C. nerve cord. 
S8. F. segmental vein. S.A. segmental artery. P. R. N. posterior root nerve. G. pos 
terior root ganglion. chrome staining fies. 


The chrome staining tissue is disteibuted in a thin layer seldom 


more than one cell thick lying in the walls of the cardinal veins and 
their large branches (Fig. 1 M..). The tissue is only separated from 
_ the lumen of the vein by the endothelial layer; it often appears to 
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bulge into the lumen to some extent. It does not lie uniformly all 
round the wall of the vein but appears as groups of cells always 


situated on that side of the vein on which the artery lies, so that it 


always lies between the vein and artery. It lies external to the well 
developed median and adventitial walls of the arteries themselves. 


Where the artery and vein are applied closest to one another the tissue 


is absent, being grouped i in the wall of the vein on each side of this 
point of contact. It is possible that its true relations are more with 
nerve and vein, rather than with artery and vein, though the latter i is 
the relation that Giacomini holds to be most important. 
To make the regional distribution shown in Fig. 1 clear it is first 
necessary to mention the distribution of the spinal nerves. The two 
roots, the anterior and posterior, are entirely separate, and alternate 
more or less with one another. 

The anterior root arises from the ventral part of the cord, and runs 
out laterally till it reaches and is closely applied to the base of the 
‘somatic muscles. It divides into two main branches extending dorsally 
and ventrally over the muscles and supplying them. It is not accom- 
_ panied in its distribution by any other structure. 
The posterior root on the other hand arises from the dorsal aspect 


of the cord and runs out to a ganglion (Fig. 1 G.) of fair size in this 
region, which is applied most closely to the segmental vein (S. F.). The 
segmental artery also (S. A.) lies in close relationship to the ganglion. — 


The main posterior root nerve, peripheral to the ganglion, lies in most 


intimate contact with this vein and artery, and is apparently distributed 


with the various vascular branches throughout the body; its main 


trunk runs down with the segmental artery and vein to the point of 


origin of the latter from the cardinal vein. The finer details of the 
peripheral distribution have not been worked out, as they are unim- 


portant as regards the main mass of chrome staining tissue. The 


segmental artery and vein running round the notochord are therefore 
in intimate contact with the posterior root nerve and its ganglion. In 


all the segments so far observed the nerve lies between the artery aud 
vein, so that the connection between vein and nerve is necessarily more 5 | 


intimate than that between vein and artery. 
The chrome staining tissue (m.t.) lies in scattered clumps i in the 
loose tissue on the internal aspect of the cardinal vein (C. F.) between it 
and the aorta (Ao.). It here may come into contact with an occasional 


nodule of cortical substance. It is present however in much greater 
quantity on the dorsal aspect of the vein, at the place where the 


18. 50 


‘ 
| 
. 

— 
22 

= 

» 

— 8 

PAS. 

Tht 

* 

4 

} 

he 

y 

N 
— 

q 
‘ 
* 
** 

4 2 8 
* 

* 
* 

af 
— 

tnd 
4 
* 

8 
IG 
— 
4 “& 
25 

2 

12 

(a 
4 

* 


SUPRARENAL OF PETROMYZON. : 63 


segmental artery passes between the vein and the notochord. The 
chrome tissue is in greatest quantity on each side of the point of 
closest contact of artery and vein. It also spreads in considerable 
quantity all the way up the segmental vein, as this vein runs up round 
the notochord, accompanying the segmental artery. In this region it 
_ lies only on that aspect of the vein which faces the segmental artery, 
and Giacomini considers that this is its most important relationship ; 
but, as has been already suggested, the relation appears to be even 
more intimate with the posterior root nerve. The relation of the 
chrome staining tissue with the posterior root ganglion is also a most 
intimate one; as Giacomini says, “the chromaffin cells appear to lie 
right against the ganglion cells of the spinal ganglion.” Here also 
they lie in intimate contact with the segmental vein, which is neg 
applied to the ganglion. 
Further scattered chrome staining cells lie in the walls of the dorsal 

branches of the segmental vein, as these run up past the lateral line 
nerve, Some also lie in the ventral branches which arise from the 
segmental vein near its origin, and run ventrally and laterally from here. 
The main distribution of the chromaffin tissue in each segment is 
therefore between the cardinal vein and aorta, and along the segmental 
veins as these run dorsally round the notochord. The chrome staining 
tissue in the former situation may, as already mentioned, come into 
contact. with islets of cortical tissue. The latter tissue is not found 
along the segmental vessels, but lies mainly ventral and lateral to the 
cardinal vein; thus differing considerably in distribution from the more 
dorsally situated chrome staining tissue. The question of the occur- 
renoe of ganglion cells in this region will not be discussed in this 
paper. 

The variations of distribution in other regions of the body may now 

be briefly mentioned. 
Piostertoriy. In the caudal region, beginning e the 
anus, the two cardinal veins coalesce into one, and come to lie ventral 
to the caudal artery. The chrome staining tissue now lies on the dorsal 
aspect of the vein, between it and the artery. It extends nearly to the 
end of the caudal region. : 
Anteriorly. In the pre-renal region, between the pericardium 
and the apex of the kidney, the arrangement is similar to that 
in the renal region, and the tissue is present in greater quantity. 
In the cardiac region, the posterior cardinal veins become fused 
into a single curved sinus lying ventrally and laterally to the aorta. 
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The chrome staining tissue lies thickly in the dorsal wall of the sinus 
as it curves round the aorta. The coeliac artery runs through the 
sinus obliquely, is by a — chrome ‘staining 


substance. 
In the or region, the 


Bes in the walls of the segmental veins as these run round the noto- 


chord, but the tissue is very scanty. It is only seen in the wall of the 


jugular vein where the segmental artery branches over it. It here 


comes into relation with the pneumogastric nerve. The tissue is found 
as far forward as the second branchial segment. | 

The chrome staining tissue is therefore distributed eee 
diffusely throughout the body, and is always in close relation to the 
large veins and ‘arteries, and probably also to the posterior root nerves. 
Its distribution does not correspond with that of the cortical substance; : 
the two only chance to come into contact with one another. 

In order to obtain an extract of these chrome staining cells to test 
their effect on the blood-pressure of the cat, a dissection indicated by 
the lines in Fig. 1 was made, The abdominal cavity was first cleared 
of its contents and well sponged out with Ringer's solution. The 
artery and ‘veins, which appeared clearly on its dorsal wall, were as far 


as possible cleared of blood by syringing out with the same. The veins 


were then cut through laterally, and the ‘aorta, with the ventral, 
internal, and dorsal ‘walls of the veins, was dissected off from the 


notochord: The tissue was thus removed in one piece from the whole 


length of the abdominal cavity. The vessels from three or four 
specimens were then ground. up with sand in a small amount of 
Ringer's solution. After standing for a short time, the extract was 

filtered through glass wool, aud the filtrate was made up to such a 
volume that 1 C. corresponded with each animal used. The ‘extract 


thus prepared was used for injection. The sinus tissue was also 
extracted by removing the whole heart and treating this in a similar 
way. The actual injections were carried out by Dr T. R. Elliott, who 
was so kind as to give me the on of his assistance and — 
in this matter 


It was ſound that tiene extracts ae the ! in the cat 
in a manner identical with adrenalin; the curves obtained could be 
matched, in the same ee 10 the injection of a — dose of 
drug. 


Fig. 2 A gives the curve obtained by the injection of 1 0%. of an 
e of the vessels of two specimens; the extract having been made 


a 
2 7 
» 
* 
+4 
* 
ae 
bare 
oF 
ag 
28 
“a | 
pr 
2 
. 
* 
4 
2 
y 
1 
J 
* 
* 
~ 
; 
Re 
4 
id 
efi 
A 
951 
3 
— 
¥ 
J 7 
e 
3 
= 
= 
APS 
25 
~ * 


SUPRARENAL' OF, PETROMYZON. 65 


up to 2 cc,’ The injection was therefore equivalent to the pressor 
substane® obtained from one specimen. Fig. 2 B was obtained in the same _ 
‘experiment by the injection of one-thousandth of a. milligram of 
adrenalin (Parke, Davis). The extract was also boiled, and gavé an 
identical result. The rise of blood-pressure is equivalent to a rise of 
about 8 mm. of mercury, the pressure rising from 60 mm. to 68 mm. 
The average of seven experiments on various cats gave a rise of about 

73 mm, at an average pressure of 70 mm., the results obtained being 


54 


““t:: ͥ 
1 Fig. 3 A shows the curve obtained by the injection of 1 cc, of an 
extract of two hearts in 2 cc. Ringer's solution: Fig 3 B was obtained 
dy the injection of zu mg. of adrenalin. As much sinus. tissue ‘as 
possible was removed with the heart in preparing this extract. The 
rise of pressure is equivalent to an inerease of 12 mm. of mercury, from 
62 mm. to 74 mm. A second experiment with this extract gave an 
identical result. A further experiment, in which little sinus tissue was 
taken away with the heart when preparing the extract, gave a rise of 
only about 4 mm. of mercury, from 89 mm. to 93 mm. It is therefore 
probable that the pressor substance is contained mostly in the sinus 
XLIV. | 3 
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The fall of pressure occurring after the rise is probably due to the 
effect of the other tissues, namely, the ventricular walls and the serum 
contained in them. No such effect 1 is to be dein from the extract 
of the vessels, 

Extracts of other tissues were also injected, having 
in the same way. Extracts of the kidney, liver, cord and brain were 


strongly depressor and extremely toxic, the blood-pressure falling 


rapidly and continuously; no permanent recovery being possible by the 
farther administration of adrenalin. The blood serum, though having 
no immediate effect, also caused a gradual and irrecoverable fall in the 
blood-pressure, An extract of the muscles and skin was also depressor. 
An extract of the notochord was without effect. 
The only extracts therefore which caused a rise of pressure were 
those obtained from regions where chrome staining tissue can be shown 
__ histologically to be present; namely, the regions of the large blood 
vessels and of the sinus of the heart. Extracts from these tissues are 
not toxic and cause little or no depressor effect, whereas extracts of all 
other tissues are both depressor and extremely toxic. 

It is therefore justifiable to conclude that the chrome 3 
tissues described by Giacomini contain adrenalin, and are the homo- 
logues of the medullary suprarenal tissue in the mammal. The actual 
amount of adrenalin present in each animal can only be vaguely guessed 
at, but seeing that the segmental vessels could not be included in 
preparing the extracts, perhaps ru mg. may be a rough estimate for 
each animal. 8 

The greatest aggregation of the adrenalin containing tissue is in the 
region of the cardiac sinus, round the origin of the coeliac axis, as has 
been shown both histologically and physiologically. This recalls the 
earliest appearance of chrome staining tissue in the mammalian embyro, 
as described by Kohn’, namely, in the region in front of the aorta just 


The distribution of chrome staining tissue in. fluviatilis, 
as described by Giacomini, is confirmed. The tissue is spread very 


intimate relation with the 


1 Loc. eit. 
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_ (2) The tissue has relations with the large arteries also, and 
perhaps a still more intimate one with the posterior root nerves, which 
are intimately connected with the arteries and veins, _ 

| (3) Extracts of the regions in which this tissue lies, namely the 

walls of the aorta and cardinal veins, and the sinus region of the heart, 

cause a rise of blood-pressure in the cat, which can be matched by 
measured adrenalin injections. 

( The extracts of all other tissues gave depressor effects. es 

_ (8) The chrome staining tissue of P. Ruviatilis is therefore identical 

} with the medullary substance of the mammalian suprarenal gland. a 
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on THE SUMMATION or PROPAGATED DISTURB- 
ANCES IN NERVE AND MUSCLE. Br E D. ADRIAN, 


Scholar of Trinity College, Cambridge, anp KEITH LUCAS, 
Fellow and Lecturer of Trinity College, ee 


(From the Physiological Laboratory, Cambridge.) 
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I. ON THE DISTINCTION BETWEEN TWO FUNDAMENTAL 
TYPES OF SUMMATION. 

Ir has been our object in the work described in this paper to obtain a 
clearer understanding of the fact that of two like stimuli sent into an 
excitable tissue the first may often produce no apparent effect whereas 

the second will provoke an obvious response. 
At the outset we find it necessary to draw a sharp distinction 
between two fundamental types of summation which correspond to two 
processes involved in the setting up of a propagated disturbance by an 
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> SUMMATION OF 
external exciting agent. When a nerve or is extited by an 
electric current there is first set up locally at the seat of stimulation a 
process which is the immediate physical consequence of the current; 


this “local excitatory process” is identified in the theory of Nernst as 
a concentration of ions at some membrane within the tissue. Secondly, 


_ the local excitatory process sets in motion a disturbance which is 


propagated over the length of the tissue (the “ propagated disturbance ” 
or “ wave of excitation”). It seems to us that the grounds on which the - 
distinction between these two processes must be based have not yet 
been formulated with sufficient clearness. The distinction rests in the 
first place on an obvious divergence between the after effects of adequate 
and inadequate exciting currents. A current too weak to set up a 


_ propagated disturbance in a muscle (as indicated by the absence of any 


contraction) does nevertheless leave behind it some alteration by which 
an otherwise ineffective second stimulus is enabled to set up a propagated 
disturbance. This might apparently be explained on the ground that 
there was only one process involved, namely that which is the basis of 


the propagated disturbance, and that the first stimulus had brought 


about that process to a limited extent. The difficulty in the way of 
such a view is that a stimulus which sets up a full propagated 
disturbance is known to leave behind it a diminished excitability 


(refractory period) and we should be forced to suppose that the same 


process when less complete left behind the opposite effect, namely a 
heightened excitability (the cause of the greater effectiveness of the 


second stimulus), It is less difficult to suppose that the inadequate first 
stimulus has incompletely effected a preliminary local change, which 


does not set up the propagated disturbance at all unless it reaches a 
definite minimum value; on this supposition the heightened excitability 


left by the inadequate stimulus can be credited to a partial persistence 


of the preliminary local change, and the refractory period can be regarded 
(a view confirmed by other experiments’) as the consequence of the 


- propagated disturbance. This interpretation receives a valuable con- 


firmation from experiments which have been made upon the effect of 
change of temperature on the persistence of the heightened excitability | 


which results from an inadequate stimulus and on that of the lowered 
excitability which follows an effective stimulus, It was shown by 


Bazett* that a fall of temperature of 10°C. prolongs the time of 


‘persistence of the lowered excitability (refractory period) of the sartorius 


muscle of the frog in a ratio which varies between 1/2˙9 and 1/3°6; it 
This Journal, p. 495. 1911. 2 Ibid, p. 426, 1908, 
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was shown tip ote same the time of persistence 
of the heightened excitability which follows an inadequate stimulus is 


prolonged by the same fall of temperature in a. ratio lying between 
1/12 and 1/1°4. The difference is so large as scarcely to admit a doubt 


that the processes whose disappearance is 7 measured in the two 


cases are different. 

48 The summation of local ewcitations. The first type of summation 
which we would recognise is that concerned with the local excitatory 
process alone, The first stimulus is not strong enough to seb up a 
propagated disturbance in the tissue, but produces at the seat of 


stimulation an incomplete local change whose partial persistence for a 


short time enables a second stimulus of like strength to complete the 


local change and so to set the propagated disturbance in motion. Hill“ 


has shown that the occurrence of such a summation can be predicted on 


Nernst’s theory of the nature of the local excitatory process, and one 


of us* has demonstrated experimentally that in different tissues under 


differing conditions the time relations of the summation of inadequate — 


stimuli go hand in hand with those of the excitatory process. But as 
far as we are aware no direct proof has hitherto been brought to show 
that there really is such a type of summation concerned exclusively 
with a local non-transmitted a ts process. This proof we have 
attempted to obtain. 

The experiments were made on the sciatic- -gaatrocnemius prepara- 
tions of frogs, the stimuli being applied to the nerves. Two coreless 
coils were used as the sources of exciting currents; their primary 


circuits were struck open by a pendulum, and only the break shocks | 
were used. The secondary circuit of coil A, whose primary circuit was 


opened by the pendulum first, was connected to the nerve by a pair of 
platinum electrodes placed near the central end of the nerve; the 
secondary circuit of the other coil (B) could be connected either to the 
same electrodes as were connected to coil A, or else to a second pair 


placed from 10 to 15 mm. nearer the peripheral end of the nerve. The 


keys in the primary circuits were arranged to be struck open at a known 
interval of time one after the other; the intervals used in the experi- 
ments ranged from 0004 sec. to 0012 sec. The experiment began with 
both coils connected to the same electrodes, With this arrangement 


the threshold coil-distance for coil A alone was first determined, and 
then that for coil B. Next both coils were moved further from their 85 


This Journal, xxxm. p. 460. 1010. . 1910. 
bid. XXII. p. 461. 1910. 


if 
Sd 4 
~ 
Ne 
175 
* 
Bete. 
5 
<4 
& 
‘ten 
hay 
* 
4 
> 
K 
E. 
x 
7 
9. 
* 
| 
. 


SUMMATION:.OF STIMULI. 1 
1 a position was found at which when both primaries were 


opened by the pendulum at the chosen time- interval a minimal 


contraction of the muscle was obtained. We always found that with 
both stimuli in use the coils could be moved away from the primaries 
considerably beyond the position which they had to occupy if each was 
acting alone. For example (Exp. 1), in a preparation at 5°2°C, with 
the time-interval set at 0008 sec. the threshold for coil A acting alone 
was 16°5 cm., that for coil B was 125 cm. When the stimulus from B 


followed that from A at the interval stated A could be at 169 cm. and 


B at 129 em., and a contraction still followed. The second part of the 
experiment consisted in repeating the previous observations with the 


difference that the two coils were now connected to different electrodes. 


Under these circumstances we found that the threshold for coil B was 


not altered in any degree which we could measure when a stimulus from 


coil A preceded that from coil B; with both coils in action a contraction 


resulted only when either one or the other of the coils was set in such 


a position that it would have given a contraction if acting alone. For 
example, in the continuation of the experiment quoted above the 
threshold for coil A alone was 17°5 cm. and that for coil B alone 
16°3.cm.; when the two coils were in operation a contraction resulted 
if coil A was at 17°5 and B at 164 or if A was at 17°6 and B at 163, 
but there was no contraction if A was at 176 and B at 16˙4. In fact, 


when the stimuli fell on different points on the nerve we could find no 
‘summation involving a change of the threshold of the same order as 
that found when the two stimuli fell on the same point. 


It might be thought that a possible error in these experiments wa was 


to be found in the time-interval between the two stimuli being so hort 
that the induced current from coil A had not completely subsided before 
that from coil B began. If the first current were still passing when the 
second began one might expect to obtain an apparent summation such 
as we have observed, and to find it only when the two coils excited the 


nerve by common electrodes. It should be noticed however that though 
the current from coil B will traverse the nerve in the same direction as 
that from coil A, yet with the arrangement of coils which we have used 


as long as there is any remainder of the break induced current passing 
in coil A the fraction of that current derived through coil B will be in 
the opposite direction to the induced current set up in the latter by the 
break of its own primary. A slight persistence of the: break induced 


current in coil A will therefore not give the second stimulus the 


advantage which might at first sight be expected. The direction of the 
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derived current in coil B can be in digen poblished 
Bram well and Keith Lucas“, in which the induced current’ in coil A 


is shown by heary arrows and the derived current in coil B is shown 
by light arrow- a. 
15 of these considerations’ ve beliove that: che present results 


are not to be explained as due to the persistence of the first exciting 0 
current, but afford real evidence that there is a summation depending 


on un ‘incomplete local excitatory change persisting at the seat of stimn- 
lation and ‘involving no propagated change. To express this fact 


we suggest that this type of summation should be — : 


“summation of local excitations.” — 


B The summation of propagated disturbances. The socond type of 


- summation’ differs fundamentally from that just described in that the 


bret stimulus does set np a propagated disturbance which is conducted 


away from the seat of excitation. The failure of the first stimulus to 


cause any visible response in this case lies in the fact that between the 


beat of excitation and the tissue whose response is looked for there lies 
a tegion which the first propagated disturbance is unable to pass. The 


propagated disturbance set up by the second stimulus succeeds in 
passing this region of block. Now the mere fact that the first stimulus — 
does in this case set up a propagated disturbance affords no safe ground 
for distinguishing. this type of summation as fundamentally different 


from the other. The possibility still remains that the effect may be 
due here also to the partial persistence of the first excitatory process; 


such a persistence might result in the second propagated disturbance — 


starting with greater intensity from the seat of stimulation and so being 
able to break through the block which stopped its predecessor. The 
following experiments show however that there does in fact exist a type 
of summation in which the cause of the greater success of the second 
propagated disturbance lies in an effect left behind by the previous 


propagated disturbance, and not in a persistence of the local excitatory — 


‘change. The experiments were made on sciatic-gastrocnemius prepara- 


tions of the frog fatigued by strong tetanic stimulation applied to the — 


nerve. As one of us pointed out short time ago’, if the nerve of a 


fresh sciatic-gastrocnemius preparation is tetanised with strong currents 


for several minutes a condition is reached in which a single strong 


stimulus applied to the nerve has no effect on the muscle while the 


e when repeated produces a contraction. The ee 


‘This Journal, in p. 496, Fig. 2 11. 
d. p. 78. 151. 
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— to produce the exsct degree of fatigue waren 
much with different preparations. Generally the recovery is so rapid 
that the condition under investigation does not last for more than twenty 
seconds at a time; at the end of this period single indirect stimuli begin 
— eee es muscle and the tetanisation must be 


regu 


| Fig. I. 
The record of a typical experiment (Exp. 2) is shown in Fig. 1. 
The seciatic-gastrocnemius preparation (summer frog) was kept in a 
double-walled moist chamber at a constant temperature of 20°C. The 
gastrocnemius was attached to a long and light lever and the contrac- 
tions were recorded on a smoked surface moving 3°5 mm. in one second. 
‘The upper signal line marks the stimuli from the tetanising coil and the 
lower indicates make and break shocks from the same coil sent in by 
means of a hand key in the primary circuit. The strength of current 
in the secondary was about twenty times that required to give a 
maximal contraction in the fresh preparation. The lowest line records 
the contraction of the muscle. It is clear from the record that the 
Wedensky effect is well marked when the muscle is tetanised and that 
single stimuli following one another at about 1°5 sec. have no effect 
while stimuli repeated rapidly produce a series of contraction. 
The first point to be considered is whether in this experiment there 
: ee evidence that the first stimulus has set up a propagated 
disturbance. The experiment gives no direct proof that the effect is 
not due to simple local summation. Gotch' has shown that the 
prolonged tetanisation of a nerve may produce a condition of local 
1 This Journal, . p. 250. 1910. 
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“ stimulation fatigue” in the region under the exciting electrodes, and 


though the stimulating currents used in these experiments were supra- 


‘maximal for the fresh nerve they may possibly have been subminimal 


for the fatigued region. If this were the case it is evident that single 
stimuli would fail to set up any conducted disturbance while repeated 
- stimuli might sum locally. In our next experiments this source of 
error was avoided by tetanising the preparation through a pair of 
electrodes placed as near the central end of the nerve as possible, and 
testing the effect of single and repeated stimuli sent in by electrodes 
placed 10 to 15 mm. nearer the peripheral end of the nerve. With this 
arrangement single strong stimuli can hardly fail to set up a propagated 


disturbance in the nerve as they fall on a region which has not been 


fatigued by previous tetanisation. According to Gotch’ the response 
may under these conditions be delayed slightly but not diminished in 
magnitude. This arrangement of the electrodes (which was adopted in 
all the later experiments) seemed to make no difference whatever to 
the behaviour of the preparation. The condition in which a contraction 


was produced by repeated but not by single strong stimuli could be 


brought on as easily as when only one pair of electrodes was used. 


Though it is clear from the facts already considered that we have to 
deal with a type of summation in which the first stimulus does set up a 


propagated disturbance, still we have no proof whether the success of 


the second disturbance where the first one failed is due to a modification 
produced in the tissue by the first propagated disturbance as such or to 


2 partial persistence of the first local excitatory change, which might 


cause the second propagated disturbance to start with greater intensity — : 


from the seat of stimulation. To make this point certain we carried 
out a series of experiments in which the successive stimuli were sent in 
alternately at different points on the nerve. Stimuli were first sent 


into the nerve through one pair of electrodes at such a frequency that 
they failed to produce any contraction. Next a similar series was sent 


in through a second pair of electrodes and again failed to produce any 


contraction, Then without any other change the stimuli were sent 
into both pairs of electrodes so timed that those traversing the one pair 


of electrodes alternated in time with those traversing the other pair. 
‘With this arrangement an obvious contraction of the muscle resulted. 
The record of such an experiment (Exp. 3) is shown in Fig. 2. The 


fatigued preparation was stimulated by groups of twelve make and 
break shocks sent in by a mechanical — 


1 Loe, eit. p 268. 
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arranged to open and olose two keys alternately at a constant rate by 
the rotation of two toothed discs. The lower signal line shows the 
stimuli sent in from coil A through the central pair of electrodes, the 
upper signal line shows the stimuli from coil B sent through electrodes 
II mm. nearer the peripheral end of the nerve. Each group of stimuli 
is ineffective by itself but the muscle contracts when the stimuli are 
sent in alternately through the two pairs of electrodes, This experi- 
ment shows that we have to deal with a type of summation in which 
‘the success of an otherwise unsuccessful propagated disturbance is due 
to a modification produced in the tissue by a previous propagated 
disturbance; the group of propagated disturbances set up at either pair 
of electrodes is unsuccessful by itself and can be influenced only by the 
propagated disturbances arising from the other pair of electrodes. The 
experiment was repeated on four different preparations with the same 
result. In view of the connexion of this type of summation with the 


propagated disturbance we propose to speak of it as the “ summation of 
disturbances.” 


Fig. 2. 


We may mention that the junction between nerve aud muscle may 
be brought into the required condition for the demonstration of this 
phenomenon in a variety of ways. Hofmann? has shown that mild 
doses of curare produce a condition in which repeated indirect stimuli 
provoke contraction though single stimuli have no apparent effect. 
This result we have repeated. Locke* has described a similar effect as 
the consequence of the removal of calcium from the fluid bathing a 
sartorius muscle of the frog; the muscle placed in 0°6 / NaCl loses its 
indirect excitability to single stimuli in about twenty minutes, but 
continues to give a large contraction if stimuli of the same strength are 
applied to the nerve with considerable frequency. We have verified 
this case and found the effect very well marked and easily obtained. 
We have found also that dilute hydrochloric acid acts in a similar way. 
* the condition might be reproduced by any 22 of treatment 

1 Arch, . d. Physiol. xov. P. 618. 1908. 
2 Centralbl. f. Physiol. vn. p. 167. 1894. 
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difficult. 

It has seemed to ds necessary to put the distinction between shee 
two: fundamental types of summation on a firmer experimental basis 
because we do not find it clearly recognised in previous work on the 
subject. Steinach! in his extensive work on the summation of inade- 


quate stimuli deals with summation in curarised muscles excited directly 
and in muscles excited reflexly from the posterior spinal roots. It is 
evident that in the first case he must be studying pure summation of 
local excitations since the seat of stimulation is the tissue whose 


response is examined so that there is no possibility of propagated 
disturbances being blocked; in the second case however it is by no 


means certain that every propagated disturbance which starts from 
the seat of stimulation will necessarily find its way unhampered to 


the muscle, and consequently the summation of propagated disturb- 
ances may play a part. Steinach draws no distinction between the 
types of summation possible in the two cases. Similarly Richet* in 


his work on summation in the cray-fish claw leaves us in doubt whether 


the stimuli which fail to provoke contraction in the muscle have set 
up no propagated disturbances or have set up disturbances which have 
hoes blocked in their course. 

It seems to us that the summation of local excitations has received 
an explanation which, though requiring more detailed work for. its 
complete establishment, is on the whole satisfactory. The phenomenon 


has been brought into line with the known properties of the excitable — 


tissues. The summation of propagated disturbances on the other hand 


has not yet received an explanation which we are able to accept. The 


only hypothesis known to us is that put forward by Fröhlich“ in his 
paper on the reflex functions of the spinal cord. 
Fröhlich recognises two distinct phenomena, which he salle 


“Summation”. and “ Bahnung.” In the production of “Summation” in 


the central nervous system he recognises two factors, namely the fact 
that waves of excitation undergo a decrement, so that single stimuli 


their time relations are prolonged leave behind them a strong ex- 
citation-remainder ” ner to which waves 
can add themselves. 


1 f. d. ges. 1908, 
„ Physiol. des muscles.ot des nerfs, p. 96.. Paris, 1883. 


are relatively ineffective, and the fact that waves of excitation when 
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It is clear that under Summation Fröhlich includes phenomena 
of the same nature as that which we have called summation of 
propagated disturbances,” for he speaks of it as occurring in the central 
nervous system (i. a. not at the seat of stimulation) and says that waves 
of excitation (Zrregungswellen) are involved in it. It does not however 
appear that he recognises such a distinction as that which we have 
drawn between the two kinds of summation. We must suppose then 

that Fröhlich regards the summation of propagated disturbances as 
arising from the addition of one propagated disturbance to the — 
as tion-remainder” persisting from its predecessor. — 
This conception must be examined more closely. The fact: which 
5 to be explained is the successful conduction of a subsequent 
propagated disturbance through a region which has proved a block to 
the conduction of a preceding disturbance. On Fröhlich's view the 
second wave of excitation is more effective because it is added to 
the “excitation-remainder” of its predecessor. What is the precise 
nature of this excitation-remainder? The only evidence which 
Fréhlich quotes to show its existence is that contained in a paper 
by Boruttau and Fréhlich’. These authors showed that if a nerve 
is treated with such reagents as carbon-dioxide or ether, so that the 
waves of excitation are slowed, the single response of the part of 
nerve so affected is greatly prolonged in its descending phase, showing 
a large after- effect. The result of this is that a later electric response, 
following at such an interval of time that in the undamaged nerve it 
would have found its predecessor completely gone, now commences — 
before its predecessor has subsided, and raises the mercury in the 
capillary electrometer to a greater height above the sure ona 
parently then “excitation-remainder” is associated with a persisting 
electric response of the nerve. What experimental knowledge have we 
of the accompaniments of a slower subsidence of the electric response 
in nerve? The accumulated observations of many workers (Gotch 
and Burch’, Boruttau“, Tait) go to show that a slower subsidence 
‘of the e ese in nerve is usually associated with a prolonga- 
tion of the’ refractory period. This fact is mentioned by Boruttau and 
Fröhlich“ in the paper to which reference has already been made. It 
must be obvious therefore that the slower subsidence of the electric 
response would be likely to work in exactly the opposite sense to that 
1 Arch. J. d. ges. Physiol. ov. p. 444. 1904. 2 This Journal, xxrv. p. 421. 1699. 
8 Arch. f. d. ges, Physiol. uxxxtv. p. 413. 1901. 
Quart. Journ. Exp. Physiol. . p. 221. 1910. .. Loe, eit. p. 473. 
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"8 ö . D ADRIAN AND K LUOAS. 
which Fröhlich's hypothesis would demand: a second wave of excita- 


tion would find even less perfect conductivity when its predecessor was 

slowed, for the depressed conductivity associated with the refractory — 
state would persist for a long time. Fröhlich does not explain this 
apparent contradiction, which appears to us to contain the whole 


problem which we have to face in attempting to understand the 
summation of propagated disturbances. We know that the immediate 
consequence of the passage of a propagated disturbance is a greater 
difficulty in the propagation of a subsequent disturbance. How then 


does the second disturbance succeed in propagation where the first — 


failed? The idea of an “excitation-remainder” would obviously be 


rightly applied in the case of summation of local disturbances where 
the immediate after-effect of excitation is a heightened excitability of 


the tissue. But in the present case the effect which we need, for the 


better propagation of the second disturbance, is one of opposite sign 


to that which we know to be the immediate result of previous propaga- 
tion. A persistence of the results of the previous act of excitation 
would therefore apparently oppose the effect which we are seeking to 
explain. | 


Fröhlich discusses a second category of summation phenomena 


covered by the term“ Bahnung!. He points out that Summation and 
“ Bahnung” are to be distinguished sharply one from the other, but he 


gives no definition of the grounds of distinction, and we must confess _ 


that we have not been able to assure ourselves how far “Bahnung” 
includes our category of the summation of propagated disturbances. 
That it does cover some such cases is evident from the fact that 
Fröhlich makes it synonomous with Sherrington’s “ successive induc- 
tion” and “reinforcement.” We feel therefore that we ought to take 
account of Fréhlich’s explanation of Bahnung as one of the previous 
hypotheses as to the nature of the type of summation with which we 
are dealing. The point which he sets out to investigate is whether 


“ Bahnung ” implies a real “ heightening of the life-processes” or is to be 
classed with phenomena, such as the“ staircase of muscular contractions, 


which are in reality due to a “slowing of the life processes Resting 


mainly upon the experimental observations that the increase of electric _ 


response in a slowed nerve is associated with a lowered threshold 


excitability and that stimuli which promote Bahnung in the central 
nervous system produce also a slowing of conduction, he infers that 


Los. cit. p. 72. Los, eit. p. 76. 
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„Behaung - is, like the “staircase,” a consequence of slowed and not of 
heightened processes. He does not attempt to draw any exact picture 
of the mechanism by which a slowing of the processes in a tissue will 
lead to the more successful conduction of subsequent disturbances. 
In view of these considerations we hold that there does not exist 
at present a satisfactory explanation of the summation of propagated 
disturbances in terms of well ascertained properties of the excitable 
tissues. We accordingly in — pages to ‘give such 
an — 


II. THE CONDITIONS OF A TISSUE WHICH FAVOUR THE SUMMATION 
or PROPAGATED DISTURBANCES. 


In many respects the conduction of an impulse from vs to 
muscle is unlike the conduction from one part of a nerve or muscle to 
another, and at first sight it seemed possible that the summation of 
propagated disturbances might depend on some property peculiar to the 
junctional substance between nerve and muscle or between one neurone 
and another. On the other hand, the summation in question may 
depend upon some property which is common to all the excitable 
tissues, and the part played by the fatigued nerve-ending or the 
synapse may be merely to provide a region in which conduction is so 
imperfect that a single disturbance fails to get through. If the latter 
be true, it should be possible to produce a condition in which propagated 

disturbances are summed at a partial block in any simple conducting 
tissue such as a nerve or a curarised muscle. Fröhlich! finds that if 
a nerve is narcotised gradually by ether a stage is reached in which a 
contraction in the muscle is caused by repeated but not by single 
stimuli. Goldscheider* narcotised a nerve with alcohol and found 
that under certain conditions there was a well-marked “addition 
latente,” the first stimuli of a series being ineffective while the later 
stimuli produced a tetanus in the muscle. We have been ae to 
produce such effects in various ways, as described below. 

Fig. 3 (Exp. 4) shows the effect produced by local narcosis in a 
nerve. About 6 mm. of the nerve of a sciatic-gastrocnemius pre- 
paration was partially narcotised by the vapour from a mixture of one 
part ether and two parts alcohol in water. The degree of narcotisation — 
was s controlled by diluting the vapour with air to the nae — 
f. ang. Physiot. m. p. 478. 1904. 

Ztschr. f. Klin. Med. xxx. p. 180. 1891, 
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The lower line in the record shows groups of six maké shocks sent in 
slow or rapid succession through a pair of electrodes placed centrally 
to the narcotised region. Supramaximal. shocks were used to avoid the 
possibility of local summation. The upper line records the contractions 


of the muscle. A vigorous twitch is produced by the groups of rapid 


stimuli and the slower groups have no effect. ; 


We alec. that the could bos induced.very readily by 


heating a short length of the nerve peripheral to the electrodes to about 


42°C. The nerve was laid across a glass tube moistened with Ringers 
solution. Cold water from a tank was allowed to run through a coil of 


composition pipe surrounded by stirred water at about 70° C. and then 


* 


through the tube under the nerve. The temperature of the water under 


the nerve could be controlled with sufficient accuracy over a wide range 
by altering the rate of flow through the heating coil. As before, the 
nerve was stimulated with very strong shocks from the mechanical 


contact breaker. When the water entering the tube is at 42-43 C. 


the block to conduction is complete, but the nerve recovers if the 
temperature is lowered some degrees, and -during this recovery there is 
a stage in which the summation effect is shown very clearly. When 
the temperature is raised. the condition appears again just before the 
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nerve ceases to conduct at all. Exp. 5 (Fig. 4) shows the typical 
summation effect obtained in this way. The contaét breaker sent in 
make shocks only, the break shocks being short-circuited by a second 
key which was closed when the key in the primary was opened. Fig. 5 
(Exp. 6G) shows the same effect with make and break shocks sent in at 
long or short intervals with a hand key. ee 
9 mm. per sec, in both records. 

In some respects the interpretation of these seal ds lens doubtful 
than j in the case of the fatigued preparation, for the excitability of the 
nerve under the electrodes remains normal and the muscle has not been 
sent into permanent contracture at the beginning of the experiment. 
However they fail to give definite evidence of the phenomenon 
which we set out to find, namely the summation of propagated 
disturbances at a region of impaired conductivity in a simple tissue. 
The summation might conceivably be due to the impaired region cutting 
down the propagated disturbances to subnormal magnitude, and to the 
subnormal disturbances being unable to pass the nerve-ending unless 
they arrive there with sufficient frequency. One of us has shown 
recently’ that a disturbance of subnormal magnitude obtained by 
exciting a tissue which is still relatively refractory may fail to pass the 
nerve- ending although it has travelled down the nerve. But this 
conception requires that a subnormal disturbance should be propagated 
along a normal nerve fibre. At present there is no satisfactory evidence 
either to prove or disprove this possibility. It is true that Boruttau 
and Fréhlich* have shown that the electric response in a nerve 
becomes smaller when a narcotised region is interposed between the seat 
of excitation and the electrodes leading to the galvanometer. But this 
may be due to some of the fibres having failed to conduct. It might be 
thought that the question whether in the present experiments the 
narcotised region is really the seat of the observed summation could 
be solved by examining with the capillary electrometer the region of 
nerve between the narcotised part and the nerve-ending. This is not 
the case, for we find, though using a capillary tube of extreme 
sensitiveness, that disturbances conducted through this region may be. | 
too small to produce a measurable excursion of the electrometer though 
they are still capable of causing a considerable twitch in the muscle. 
The only saſe method is to use a preparation which does not contain 
any region of discontinuity which can serve as a conduction block 

1 This Journal, un. p. 59. 1911. Loc. eit. 
rn. XLIV. 6 
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curarised sartorius muscle summation.can be produced at an artificial 
block in the middle of the muscle, then we shall be sure of our ground. 
Our experiments were made on a curarised frog’s sartorius. The 
‘muscle was placed in a small vuleanite trough (Fig. 6). The bottom 


of the trough was lined with cork, which was replaced in the middle of | 
the trough by a narrow glass tube A running across the floor and 
connected to the heating apparatus described in connection with the 


experiments on nerve. The muscle M was laid across this tube and 
kept in contact with it by a cork partition B which divided the trough 
into two chambers. About 1-2 mm. from the pelvic end and 3-4mm. 


57 
E 
\ 


Mig. 6 | | 
from the tibial end the muscle was to: thes dirk bee 

Ya couple 
of needles passed through the substance of the fibres. Between the 


needles was a distance of about 9 mm. only, so that the muscle was quite 
free to contract in the middle without pulling on the fixed points and 


without moving relatively to the temperature tube. The pelvic and 


to record one above the other on a smoked drum. The temperature of 


tibial ends of the muscle were connected to light levers C, D, arranged 


those parte of the muscle not on the hot tube was kept constant at a 


25 
8 
4 
17 
‘SRE 
ae 
E 
2 — 
7 — — 
ie 
— 
j 
B 
F nid 
* 
ie 
¢ a 
4 2 
7 
M 
a 
.* 
Lx 
ta 
3 ‘ 
+e 
4 
AM 
9 
a 
WA 
= * 


' SUMMATION. OF STIMULI. - 88 


| from 9° 0, to 11°C. in the different 
by a circulation of Ringer's fluid with 0005 % curare entering and 
leaving by the tubes F and F. Stimuli were sent into the muscle from 
the pelvic end. The strength of current used was about twice as great 
as that required to give a maximal contraction. As in the case of 
nerve, the summation of propagated disturbances was shown when the 
temperature of the water entering the tube was 40-42°C. Exp. 7 (Fig. 7) 
shows the summation effect ; the uppermost line records the contractions 
of the pelvic end of the muscto to which the stimulating electrodes were 
applied. The contractions are small as they are produced by about 
2 mm. length of the muscle. The contractions of the tibial end are 
shown in the middle line. The lowest line records the stimuli sent in 
slow or rapid succession. Only the make shocks were used, the breaks 
being short-circuited as before. It is evident from Fig, 7 that a 
condition is produced i in which single stimuli are ineffective, whereas a 
rapid succession of stimuli produces a contraction in the tibial end of 
the muscle. That we have pert j 
to deal with the summation 
of propagated disturbances | 
in this case is clear from 
the fact that in Fig. 7 the 
stimuli always produce a 
good contraction in the 
pelvic end of the muscle ; 
as long as the disturbances =~ 
in the pelvie end are in- 
frequent they fail to pass „ Fig. 7. 
through the heated region | 
to the tibial end, only when ae are more 8 do they sum 
and overcome the barrier. The contraction produced by summation is 
small, but this is only to be expected, as it is impossible to bring all 
the fibres of the muscle into the necessary condition at the same 
time. At the end of the experiment the block was rendered complete 
by heating the tube to 50-60˙ C. and tests were made to show that 
there was no escape of the exciting current across the blocked region 
and no mechanical pull on the tibial lever when the pelvic end of the 
muscle was sent into complete tetanus or made to give a marirhal 
twitch. 
These eee show that the . and the synapse are 
6—2 
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of this type of summation. Their part in the phenomenon is apparently | 


ho more than the offering of such imperfect conduction that single 


propagated disturbances are unable to break through. By doing so 


they bring to light that property of summation of propagated dis- 
turbances which ‘they share with such a tissue as the muscle fibre. 
In concluding this section then we would state that in our opinion the 
only special condition of a tissue necessary for the production of such 
summation is the presence of a region impassable to a single propagated 


disturbance, We shall deal in a later part of this paper with the view 


expressed by Fröhlich that another essential condition is the slowing 
of the processes in the tis ne. 


III. Tun RELATION OF SUMMATION TO THE TIME-INTERVAL BY WHICH 


SUCCESSIVE PROPAGATED DISTURBANCES ARE SEPARATED. 


The next step in our investigation was to discover how the 
summation of propagated disturbances might be related to the time- — 


interval by which successive disturbances were separated: We have 
already mentioned the fact that a tissue recently traversed by a 


propagated disturbance shows first of all recovery from a state of 


depressed excitability and conductivity. These are the phenomena 
of the refractory period. This fact leads us naturally to expect that 
summation will not occur most easily when the propagated disturbances 
follow one another at the shortest possible interval of time. A sevond 
disturbance following a first at so short an interval that it finds con- 


duction not yet restored to the normal will clearly have no advantage 


over the first in point of successful conduction. On the other hand, we 
have ample experimental grounds for the assertion that within certain 


limits a shortening of the time-interval between successive disturbances — 


is an essential condition for the occurrence of summation. The whole 
of the last section of this paper is a testimony to that fact. With these 
preliminary observations in view we set about to determine experi- 


mentally whether there could be found one particular time-interval 


most favourable to summation. 

For this purpose it was necessary to have a method of varying 
within wide limits the frequency of stimuli sent into a nerve. The 
method must fulfil the conditions that the stimuli should all be alike, 
that the interval between them should be capable of rapid variation, 


that they should always follow one another at regular intervals without 


missing and without accidental additions due to vibrating contacta. 
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These conditions were not fulfilled by the mechanical contact-breaker _ 
which we used in our earlier experiments, When that piece of 
apparatus was run at a high speed there was always a danger of 
irregular making and breaking of the circuit at the platinum contacts 
owing to the vibtation of the contact springs. Such defects were of 
little consequence where we had to deal only with the difference 
between very low and moderate frequencies of stimuli, but would have 
been fatal to the present investigation in which we had to use fre- 
quencies of the order of 25 per sec. We therefore constructed a piece 
of apparatus designed to avoid the peculiar defects in question, In 
principle we adopted the method of Brodie, in which two contacts are 
alternately made and broken by two snail cams carried on a single 
revolving shaft. One contact is in the primary circuit of an induction 
coil, and the other forms a short-circuit in the secondary circuit of the 
same coil, The cam which operates the latter is set a little in advance 
of that which operates the former, so that the secondary coil is always 
short-circuited before the primary circuit is closed and the short-circuit 
is removed before the primary is opened. With this arrangement only 
the break shocks reach the nerve; moreover, since the break of the 
primary circuit is brought about by the falling of the contact pieces 
under their own spring when they come to the step in the snail cam, 
the rate of opening of the primary circuit is independent of the rate at 
which the cam is driven and consequently the break shocks are alike 
whatever the interval between them. We tested this piece of apparatus 
by sending the break shocks into the capillary electrometer and photo- 
graphing the excursions of the meniscus, We found that up to 25 
breaks per second the break shocks were perfectly regular and similar, 
but at a frequency of 35 to the second the effect of the make shocks 
became just visible since the current in the primary circuit had not 
coil was opened. 
Our experiments were made upon sciatic-gastrocnemius prepara. 
tions reduced by prolonged stimulation of the nerve, as described in 
the first section of this paper, to the state in which single stimuli 
applied to the nerve gave no contraction in the muscle. The prepara- 
tion was then tested with groups of stimuli of various frequencies. 
It was found that frequencies of the order of 2 per ‘sec; gave no 
contraction at all in the muscle; at about 7-10 per sec. summation 
began and a slight rising tetanus was obtained; if the frequency was 
increased to 20 or sox. the cotzction was larger bat begun to show 
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the falling tetanus charactetistié of the Wedensky effect. Pig. 8 
(Exp. 8) is a typical record. The upper line shows contraction of the 
muscle, the lower is the stimulation signal; the three parts of the 
record shown were continuous. The recording surface moved at 7 mm. 


per sec. The beginning part of the record shows a twitch recorded on 


the stationary drum to indicate that the levers are truly placed one 


above the other. There follow two groups of stimuli at 2 per sec. 


giving no contraction; at 10 per sec. a small rising tetanus results; in 


the middle section of the record two groups of stimuli at 20 and 21 
per sec. give a falling tetanus, and one at 8 per sec. gives a very 


slight rising tetanus; in the lower section the stimuli at 2 per sec. are 
repeated to show that the block still remains and‘ groups at 20 esi sec, 
and 7 per sec. give the same results as s before, | 


Fig. 8. 


„ bein from each a record as this is a preliminary idea of | 


the relation between the interval between stimuli which will give 
summation and the degree of recovery of the tissue from the previous 
propagated disturbances. The falling tetanus is the first sign of the 


Wedensky effect, which means that the propagated disturbances are 


following one another at such an interval that each finds the tissue not 
quite recovered from the passage of its predecessor. We see that 
summation can just be obtained with stimuli of a frequency approxi- 


mately one-third of that. which gives a slightly falling tetanus. The 


summation is considerably larger when the stimuli are so frequent that 
the tetanus which they produce soon begins to fall as the fatigue of 
the nerve-ending is deepened. With higher frequencies than this the 
full Wedensky effect will of course assert itself and the contraction will 
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which is taken from a preparation. which required rather lower frequen- 
cies than that used in Exp. 8. Here a frequency of 19 per sec. gives 
a. very small contraction, whereas one of 10 per sec. seach a Se . 
which just begins to fall towards the end. 

There are in these experiments two sources of difficulty in corre- 
lating the intervals which give summation with the degree of recovery 
of the tissue. The first is the probability that the fibres of the nerve 
are not all alike in their rate of recovery. For example in Exp. 8 we 
get the best summation with stimuli which are already beginning to 
give the Wedensky effect; this does not necessarily mean that sum- 
mation is obtained most easily when each successive disturbance falls 
at a time when the tissue has not quite recovered from its predecessor ; 
it may be that when the majority of fibres are just recovered completely 
others are in the state in which the Wedensky effect is just obtained. 
The second source of difficulty: is the varying. state of fatigue of the 
Each group of stimuli the owe, and 


Wig. 5. 


pause allows a arti recovery. Consequently if there is 5 of 
the Wedensky effect after the first half-dozen stimuli of a group which 
gives summation it may be that when the summation was first obtained 
the state of fatigue was slightly less than when the Wedensky effect 
first appeared. In view of these difficulties we can only say that 
summation appears to be obtained most easily when the. successive 
disturbances fall at. about such a time that each would find the tissue 
just recovered from the passage of its predecessor. 

T be second of these sources of error might be avoided if we . 
obtain a case of summation in which the partial conduotion - block could 
be kept constant at such a value that the second of two propagated 

disturbances would regularly succeed in passing, though the first 
failed. A possible ‘method of realising these conditions was suggested 
to us by the important researches of Samojloff' on the electric — 
response of muscle’ to the ecoond of two stimuli, Samojloff showed 


1908. 
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D ADRIAN AND LVOAS. 
that when the nerve of u sciatic-gastrocnemius préparation is excited 


with two single stimuli the time-interval between which is progressively “ 


increased, the second electric response of the muscle, which is much 
smaller than the first if the interval between stimuli only just exceeds 


the refractory period of the nerve, increases to the normal size, then 


becomes considerably greater than the first and finally sinks again to 
the normal value. The essential point is that with certain intervals 


between stimuli the response to the second stimulus is larger than that 


to the first; this fact has been frequently confirmed by one of us in the 
course of observations made on the indirectly excited gastrocnemius for 


a different purpose’. Samojloff did not deal with the point Whether 
this effect is due to a phase of supernormal activity in the muscle 


itself, or results from better conduotion of the propagated disturbance 
through the nerve-ending. He showed indeed that the course of the 


effect was altered by the tension under which the muscle contracted, a 
but as far as the bulk of the effect goes these observations leave the 


two possibilities still open. The phenomenon appears to be absent from 


nerve, in which according to the observations of Gotch* the response 
to the second of two stimuli appears merely to increase from subnormal 
to normal magnitude as the interval between the stimuli is increased. 


It is similarly absent from the sartorius excited directly as appears 


from numerous observations made by one of us in the course of other 


investigations. It would seem probable then that the supernormal 
response to the second stimulus is either peculiar to the gastrocnemius 


muscle as opposed. to the sartorius, or else i is obtainable with indirect 55 


excitation and not with direct. ! 
We have in the first place investigated this point. We made a 


series of observations on the electric response of the sartorius muscle to 


the second of two stimuli, using both direct and indirect excitation. 
The sartorius of the frog was dissected out with its nerve attached, the 
whole length of the nerve up to the plexus being isolated. This opera- 


tion presents no difficulty if carried out entirely under Ringer's. fluid, 
and the nerve. will remain in good condition for several hours. The 
preparation was set up in a moist chamber and connected to the 


capillary electrometer in the usual way, the two leads being from the 


middle of the muscle and from the pelvio end. Stimulation was 
effected by break induction shocks from two coreless induction ooils 
whose primary cirenits were struck open by two keys placed in * . 


* Ibid. p. 82. 1910. 
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path of the travelling photographic plate on which the excursions of 
the meniscus were recorded. The keys could be adjusted eo as to be 
struck open at any desired interval of time. In every case the response 
to the first stimulus acting: alone was first recorded on the plate, and 
then by a second exposure the response to the two stimuli at the 
chosen time-interval was superposed. This method of double exposure, 
suggested by the experiments of Samojloff, gave the necessary data 

for measuring the magnitude of the second response. From time to 


Interval between responses (seconds) 


time the response to the second stimulus acting alone was recorded for 
comparison with that to the second stimulus acting after the first. 
This procedure was carried over a considerable range of time-intervals 
commencing with that which just exceeded the absolute refractory 
period of the tissue and gave a minimal second response. A series was 
completed first with ‘stimulation on the nerve trunk and then with 
stimulation on the extreme tibial end of the muscle from which nerve- 
fibres are ‘absent. ‘The photographic records were analysed by the 
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Fig. 10 shows. the result of such an experiment (Exp. 10) plotted 
gtaphically. The abscisem represent time- interval between the maxi · 
mum p. D. of the response to the first stimulus and the corresponding 
point on the response to the second. stimulus... Ordinates show the 
maximum P. D. of the second response as a percentage of the maximum 
F. D. of the first. The continuous curve is drawn’ freely through the 
observations with direct stimulation of the muscle, the broken curve 
through the observations with stimuli applied to the nerve. It will be 
seen that whereas with direct stimulation the second response rises 
more or less smoothly to the magnitude of the first, with indirect 
stimulation there is a hump on the curve rising above the line which 
represents the normal response to a single indirect stimulus. From a 
this we conclude that the supernormal size of the second response is an 3 
effect dependent upon indirect excitation. | 
Since the nerve does not give a larger response to the second of 
two stimuli, nor does the muscle when excited directly, the larger 
response of the muscle to the second of two indirect stimuli must be 
attributed to the second propagated disturbance set up in the nerve 5 
having been better conducted from nerve to muscle than the first. a 


— 


| This might be due either to the nerve-ending offering a complete block a 

to conduction of the first disturbance by some fibres and the second 

disturbance passing the block successfully, or to the second disturbance 1 

being more fully conducted through the nerve-ending along paths which ae 

the first had traversed with considerable loss, or to both these causes. 5 

What we have already learned of conduction from nerve to muscle ee 

would incline us to suppose that the first of these alternatives is the es 

more probable and that we have to do here simply with the same a 

phenomenon in the comparatively normal nerve-ending as we have Be 

already studied more easily in the fatigued nerve-ending by the device 

of raising the conduction-resistance until none of the fibres are able = 

to transmit the first single disturbance. 

We have obtained further evidence of the dependence of this effect = 

| upon imperfect conduction between nerve and muscle from some other 

& experiménts which we have made. In experimenting upon sciatio-:-- 
a gastrocnemius preparations we were struck by the fact that in freshly 


excised preparations we occasionally failed to find more than a doubtful 
trace of the effect; with no interval between ‘stimuli was the second 
response measurably larger than the first. On the other hand some 
preparations showed the second. response rising to 300 °/, of the first. 
the effect to 
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any 8 extent immediately after excision gave it very strongly 
_ after they had been raised to a higher temperature and then brought 
back to their original temperature, a proceeding which reduces the size 
of the response obtainable by a single indirect stimulus. We shall not 
enter into detail about these experiments at present because they will 
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to them now only because of the additional evidence which they offer 
that the effect described by Samojloff is essentially one of better 
propagation of the second of 
between nerve and muscle. eid 

In view of this explanation of the larger response of ia to 
second of two indirect stimuli we may use the effect for determining 
over what range of time-intervals the second of two disturbances is 
better propagated | than the first through a region of partial block. The 
method gives a clear measure of the maximum interval at which the 
better propagation occurs. For example in Fig. 10 the two curves 
become coincident at 045 seo, showing that after that time the second 
disturbance has no advantage over the first. Fig. 11 is from a similar 
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rather greater than ‘06 sec. . This method of experiment unfortunately — 


gives us less exact information about the shortest intervals at which the 
second disturbance has an advantage. It will be seen that in Fig. 10 
the earliest second response to indirect stimulation lies in à position 
which is obviously off ‘the continuous curve drawn through the rest 


of the points, This might seem to indicate a comparatively large 8 
advantage in favour of the second disturbance at these very early times. 


We do not. feel that it is safe to draw such an inference. It must not 


be overlooked that on our view with indirect stimulation the second 


propagated disturbance may affect some muscle fibres which were not 
reached at all by the first disturbance, whereas with direct stimulation 


all the fibres affected by the second stimulus will have been affected by 
the first. The consequence of this must be that with indirect stimula- 


tion those muscle fibres not reached by the first disturbance will respond 


to the second with a full electric response unmodified by any previous 
activity, a circumstance which will make their response disproportionately 


large by comparison with that of even a large number of fibres whose 


response to the second stimulus was an early modified second response. 
This means that the actual degree of summation obtainable with any 


interval between stimuli cannot be measured quantitatively in terms of 


the relation between the responses obtained with direct and indirect: 
excitation. We can only conclude that the summation effect is obtain- 


able in the quickest fibres with an interval as small as 01 sec., and 
does not disappear in the slowest fibres until a time of the order of 
05 sec. has elapsed since the passage of the previous propagated 

_ disturbance. In a later part of this paper we shall have the opportunity 
of obtaining further evidence upon this point. The immediate problem 
before us is to determine whether at times of such an order as we have 
shown to be favourable to summation there is evidence of any phase in 


the recovery of a tissue which 
of the second disturbance. 


d 


returned far more slowly to normal than it did in Fig. 10, the hump on the indirect curve 
2 ˙ ystems 10 failed to reach the height of the full normal response. 

The phenomenon is however obviously present in its essentials. This curve probably 
shows: some evidence of a point to which Samojloff called attention in his work on the 
gastrocnemius excited under isotonic conditions, namely a relative minimum in the curve 
obtained with indirect excitation. Samojloff referred this dip in the curve to an effect 


produced by the contraction of the muscle. We have always been able to verify its 
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IV. Tun RECOVERY OF CONDUCTIVITY AFTER THE 
OF A PROPAGATED DISTURBANCE. 


A The recovery from zero to normal. The course of . 
conductivity 1 in an excitable tissue recently traversed by a propagated 
disturbance is a matter which has not yet been adequately investigated. 
It is well known that Engelmann’ found in the ureter that the distance 
which a propagated disturbance travelled before it was extinguished 
varied with the time since the passage of a previous disturbance. We 
are not justified in transferring these results, obtained on a preparation 
where discontinuity between successive cells may possibly be a deter- 
mining factor, to the case of a homogeneous conducting tissue such as 
the nerve-trunk or parallel-fibred muscle. For the case of such tissues — 
as these we have only the observations of Boycott? in which he found 
the refractory period increased when a portion of nerve between the 
seat of excitation and the muscle -was cooled, though the seat of 
excitation itself remained at constant temperature“ This, as Boycott — 
remarked, “ must be taken to imply that there is diminished capacity of 
the already active tissue to respond to a second stimulus, whether this 
stimulus be an external agent or that internal state which is the basis 
of propagation*.” Boycott’s experiments showed only that the peri- 
_ pheral cooling rendered ineffective a second stimulus which was effective 
as long as the whole length of the nerve was at the higher temperature. 
We have confirmed this result with the addition that for a number of 
temperatures of the peripheral cooling tube we have determined within 
comparatively narrow limits the interval between stimuli which would 
just give a summated contraction. Our experiments were made by 
a method very similar to that of Boycott, but the cooling tube was 
insulated, except where the nerve lay upon it, by a sheath of ebonite, 
and the temperature of the rest of the nerve and of the muscle was 
maintained by a circulation of Ringer's fluid at the appropriate 
temperature through the trough in which they were contained. Exp. 12 
shows the results which we obtained. 
These results are sufficient to show that the effect of cooling 
confined to the course of the propagated disturbances is a large one, 
comparable in fact with the effect of cooling the whole nerve. For 
the effective interval between stimuli with nerve at 
1 Arch. J. d. ges. Physiol. M. p. 271. 1869. 
® This Journal, xxv. p. 144. 1899. 3 
Loc. cit. p. 147. 
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Exe. 12. Sciatic-gastroonemius of frog. Indirect excitation. Temperature tube 


162°C. 169.0. 
ͤ 


‘we is shout 0029 see. tube to 120 the interval 
is increased to about 0082 sec, which is nearly three times as great. 

We learn then from the experiments of Boycott that the refractory 
state involves a condition of depressed conductivity. What we need to 


know is the course which conductivity pursues in its recovery from the 
depressed ‘state to the normal. If we are to learn anything on this 


point we must have a method by which we can obtain a relative measure 


of the magnitude of the disturbance which can be propagated along 


a tissue at various times after the passage of a previous disturbance. It 
might appear at first sight that this would be a simple matter to in- 
vestigate, that we have only to send two stimuli into one point on a 
nervs· trunk at varying intervals of time and to measure with the capillary 
electrometer at another point the size of the resulting second electric 


responses, But this experiment would tell us nothing to the point, both — 
bescause a decrease of the second response might be due to fewer nerve- 
fibres being involved, and because the relation of the electric — 


0 the propagated disturbance is at present unknown’. 


After attempting many methods of measuring the size of the 8 
„ disturbance we were finally led to the conclusion that the 


| only practicable method was to determine how far the disturbance was 


1 Of the observations of Gotch (This Journal, xxrv. p. 422. 1899 ; XXVIII. p. 50. 1902) 
and of Ellison (This Journal, xum. p. i. 1911; n. p. 28, 1911). The earlier obser- 


vations of Gotch may have been explained away by Boruttau (Arch. J. d. ges. Physiol. 


LExxiv. p. 309. 1901), and those of Ellison by Dittler and Satake (Ibid, oxuv. 


p. 229. 1912), further, a close parallelism between the electric response and the propagated — 


disturbance may have been shown in particular cases (e. 9. effect of temperature, this 


Journal, xxxrx. p. 207. 
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BOMMATION OF STIMULI... 96 
able to travel along # nerve in which it was falling off at a given rate 

In various ways a nerve can be brought into a condition of “decrement” 
in which a disturbance undergoes diminution in the course of its 


propagation until it finally ceases, For example the work of Piotrowski? 
* that a nerve — to the vapour of — was ‘800n — 


into a 1 might be possible by 
a modification of his method to show how far the propagated disturbances 
set up at various times after a previous disturbance were able to travel 
through a given decremental region. If the disturbance undergoes 
a continuous decrement in its passage through such a region, and its 
size on entering the region depends on the degree to which conductivity 

has progressed in the recovery towards normal, then a disturbance set 
up at an earlier stage in the recovery being already reduced should 


1 Arch. J. 1898. 
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have à shorter distance to travel before complete extinction... In this 


way a measure might be obtained of the size of the disturbance 
transmissible at various times after the passage of a previous disturbance, 


and it might be possible to determine whether conduction returned 
instantaneously at a certain stage of-recovery or progressively over 


a considerable time. 


The experiments were made on sciatic-gastrocnemius preparations 
of frogs, set up in the apparatus shown in Fig. 12. An ebonite chamber 
was divided into two parts by a thin ebonite partition A,aholein which 


allowed the nerve to pass from the upper part which contained the 
muscle to the lower part which contained the nerve and exciting 
electrodes and served as the alcohol chamber. The hole through which 
the nerve passed was made air-tight with a plug of vaseline. Eight 


platinum electrodes entered through four ebonite plugs (B,C, D, Y) and 
lay on the nerve; they were connected to a seven-way key, so that any 


successive pair of them could be connected to the exciting coils. Two 


glass tubes (F, G) passed through the walls of the chamber for the 
entry and exit of the alcohol vapour, which was drawn through by 
a water aspirator. The lower part of the chamber was made air-tight 


with paraffin wax run in hot, and was covered with a piece of glass 
cemented to the face of the chamber with vaseline. — 


The method of experiment was to test at each pair of electrodes in 
turn the interval between two stimuli from two coreless induction coils 
which just gave a summated contraction in the muscle. Before the 


alcohol began to pass this interval was found to be practically the same 


for all the electrodes. For example in Exp. 18 before the alcohol a bs 


the values found were: 


of nerve 
15 mm. 10 mm. 6 mm. 
Interval in secs. 40024 9004 0024 0025 0026s 0023 


0023 0022 00292 


“After the had to. pass the interval which would give 
summation increased rapidly at the electrodes more distant from the 
muscle, but changed more slowly at those nearer to the muscle, For 


in the continuation 13 the were 
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5 Length of nareotised nerve between exciting electrodes and end of chamber 
Intervals between stimuli to give summated contractions (seconds) , 
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98 E. D ADRIAN: AND k. LUCAS. 
18 (continued): 
. os Length of narcotised nerve between exciting electrodes and end of chamber 

30 mm. mm. 2mm 6mm. 10 mm. 6 mm, 
of Intervals between stimuli to give summated contractions (seconds) — 
4 

0061 
0049 

0033 

00381 
49 0025 


0117 
0078 
0074 
0049 2 
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In Big. 13 these values are plotted, abscisse representing the time 


during which the alcohol has passed, and ordinates the interval between 
stimuli required to give a summated contraction in the muscle. In 
every case the point plotted as the interval which gives a summated 
contraction is taken midway between the value which gave such a 
contraction and that which did not, for example the observation 

0051+, 0049 — is plotted as 0050. An examination of this figure 


stimuli 
S 
8 


een 
give summated 


40 


ontraction (seconds 
8 | 


Interval. betw 


ae 1 20 80 40 60 
Time of passage of alcohol (minutes) 
| Fig. 18. 


shows that the interval required to give a summated contraction is at 
any moment greater the greater the length of narcotised nerve along 
which the propagated disturbance has to travel. At the electrode 
which lies nearest to the muscle (6 mm.) the interval remains practically 
constant, probably because the exciting current escapes as far as the 
end of the narcotised region and the disturbance which it sets up has 
scarcely any narcotised nerve to traverse, The interval between stimuli. 
required to produce a summated contraction means of course the time 
after the passage of a previous disturbance at which the second 
disturbance is of such a magnitude that it is just able to traverse the 
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given length of narcotised nerve without being reduced below the 


magnitude which will just suffice to break across from nerve to musole. 


In this way the summated contraction just obtained shows the pro- 


pagated disturbance reduced to standard minimal dimensions. Consider 
then the intervals between stimuli required at the six different electrodes 


at any moment of time, for example at 40 minutes after the commence- 
ment of the alcohol. At this time if the second disturbance is to be 


(seconds) 5 


° 
— 
1 


t disturbance and second 


8 


loterval between fi 


Distance wi disturbaboe will 
travel in nerve (millimetres) | 


Fig. 14. 


8 through 30 mm. of nerve without 3 below the 
minimal size it must not be set up earlier than 0064 sec. after a 


previous disturbance. If set up at ‘0056 sec. it will travel 24 mm.; at 
0052 sec. it will travel 20 mm.; at 0043 sec. it will travel 15 mm.; at 


0037 sec. it will travel 10 mm.; and at 0023 sec. it will travel sly 


6mm. As mentioned already there must be some spread of the 
current at each electrode, 80 the distances travellsd 
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are really a little less in each case than those stated above. This source 
of error will however be approximately alike for all the electrodes, since 
the same exciting currents from the same coils were used at every point, 
The relation between the time at which a second disturbance is set up 
and the distance which it will travel before being reduced to minimal 


‘| —_ ditmensions is shown graphically for three different conditions of the 
Ä 
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. Time of passage of alcohol (minutes) 
nerve in Fig. 14. It may be seen from that figure that before the 
treatment with alcohol has begun (“fresh nerve”) the time at which a 
second disturbatice can be set up and reach the muscle is independent 
of the distance which has to be travelled, the smallest disturbance 


which will pass from nerve to muscle undergoes no appreciable diminu- 
tion in ĩts propagation over the length of nerve used in these experiments. 


‘Interval. between stimuli / 
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10 E D ADRIAN AND k. LUCAS. 
After the passage of alcohol for 20 minutes the . 


a slight decrement, and the time which must be allowed for recovery — 
increases continuously as the length of nerve is increased over which 


the disturbance will be subject to diminution. When the alcohol has 


passed for an hour the effect is much more strongly shown. Another 


series of curves of the same nature as those of Fig. 13 is shown in 
Fig. 15 (Exp. 14) These curves are of some interest because they 


were carried on to the point when conduction was suspended entirely — 


for the more distant points of excitation, that is to say a degree of 


decrement was reached at which the full disturbance set up by a single 
stimulus acting alone was reduced below the minimal value in the 


course of its propagation. To show this point the figure is represented 
as having a piece cut out of it between the ordinate values 013 sec. and 
infinity, and the times are shown at which the curves reached the 
infinite value, or in other words at which a disturbance, set up after a 
period of recovery infinitely long by comparison with those used in the 


experiment, was reduced below the minimal value in conduction over 


the given length of nerve. On considering a single moment in the 


experiment, as for example 30 minutes after the commencement of the 
alcohol, we find that a full disturbance unaffected by a predecessor | 


would just travel 24 mm., one set up at 0071 sec. after another would 


travel 13 mm., and one set up at 0035 sec. would travel 7mm. We can 


draw from this experiment a comparison between the efficacy of a 


disturbance set up at a given time and that of the full disturbance. 


If the disturbance is set up after about ‘007 sec. of recovery it will 
travel about half as far as if it were of normal magnitude. 
| We must not attempt to push any further the quantitative inferences 


to be drawn from these somewhat rough experiments. The fact which 
concerns us at present is that the distance which a second disturbance 


must travel through a region of given decrement before being reduced 
to a given minimal value decreases continuously as the time-interval 


between that disturbance and its predecessor is made shorter. From 
this we infer that the earlier the second disturbance is set up the less 


is its intensity, and that the relation between time of ~~ and 
7 eg of disturbance is a continuous one. 


Does this mean that the recovery of — is a continuous 
affair progressing with the time since the previous act of conduction? 
We have learned that the size of the propagated disturbance. is con- 


tinuously less as the time of recovery is shorter, but we have to reckon 
with the possibility that this may be not a conduction effect at all but 
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an excitability effect, arising solely from a difficulty of setting up the 
local excitatory process at the seat of excitation. This is in the highest 
degree improbable in view of the experiments of Boycott which we 
have mentioned above, particularly since our own quantitative Tepetition 
of his experiments has shown that the difficulty of setting up a 
propagated disturbance during the refractory period is to so large an 
extent a difficulty of propagation. However we have attempted to 
obtain additional evidence as to whether in the present experiments 
the reduced size of the disturbance set up during the process of recovery 
may be due to some condition confined to the seat of excitation. We 
attacked the question by means of experiments in which the general 
arrangement was identical with that of Experiments 13 and 14, but the 
ebonite chamber (see Fig. 12) was provided with a second partition 
between electrodes 4 and 5 and the alcohol vapour was confined to the 
space between the two partitions. The nerve passed through a hole in 
the second partition and the joint was made -air-tight with vaseline as 
before. A temperature tube made of copper varnished with shellac 
was in contact with the nerve under the two electrodes 5 and 6 which 
lay outside the alcohol chamber. With this arrangement we were able 
to excite either at the electrodes 1, 2, 3, and 4 where the nerve was 
exposed to the alcohol and kept at a temperature of 13° C., or at the 
electrodes 5 and 6 which were free from alcohol and kept at a tempera- 
ture of 25° to 26° O. If then the reduced size of the disturbance set up 
by a second stimulus within the narcotised nerve depended on the 
difficulty of setting up the excitatory process at the electrode, the 
disturbance set up at electrode 5 or 6 at any moment of incomplete 
recovery must be larger than that set up at electrode 4, for at the 
former not only was any possible slowing of recovery by the alcohol | 
excluded, but also there must have been a considerable quickening of 
the recovery owing to the temperature being some 12°C. higher. Our 
experiments showed us that it was practically indifferent whether the 
exciting electrode used was 4 or 6, the interval between stimuli required 
to produce a summated contraction of the muscle when the nerve had 
been exposed to alcohol for any given time being similar for the two 
cases. Exp. 16 illustrates this fact. The chamber was arranged with a 
distance of 20 mm. between the two partitions, this being the length of 
nerve exposed to the alcohol vapour. Within the chamber three points 
of stimulation were used at 10, 14, and 18 mm. from the partition A 
(Fig. 12). One point of ‘stimulation was used outside the alcohol 
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with the tube at 25° to 26° C. for a distance extending from the 
| electrode last mentioned to within 3 mm. of the partition. A series of 
; observations was made with stimulation both inside and outside the 
narcotised region. It was found that the stimuli on the two sides of 
the partition gave results which agreed closely, while inside the nareotised 
| region the interval required to give a summated contraction decreased 
in the usual way with the distance which the disturbance had to travel 
through the narcotised nerve. For example at 61 minutes after 
the commencement of the alcohol the electrode just outside the 
alcohol chamber gave 0056 sec,+°0048—, and the electrode just 
inside the chamber gave the same value. Four minutes later 
that inside the chamber ‘gave 0080 ＋ 0072 —, and that outside gave 
0088 + 0080 —. One minute later 0 failed completely on 
stimulation outside the chamber and within it the value 012840112 — 
was obtained. One minute later still conduction failed on stimulation 
just inside the chamber. During these few minutes the other two 
electrodes within the alcohol (at 14 and 10 mm. from the end of the 
chamber) were giving values of about 006 and 004 sec. respectively. 
These results seem to us to afford additional evidence that the 
reduced size of the disturbance transmissible in a nerve during incom- 

_ plete recovery is due not to an “excitability ” effect confined to the seat 
of stimulation but to a genuine difficulty of propagation. In conjunction 
with these results our experiments on the transmission of second 
disturbances through the alcohol decrement at various stages of recovery 
after previous disturbances show that conductivity or ease of propagation 
returns from zero to its normal value along a continuous — of 
recovery. 

The . meaning of “ conductivity ” in this ere needs to be 
examined more closely. By impaired conductivity in a tissue we mean 
as a rule that condition in which the propagated disturbance undergoes 
a decrement as it progresses, and so is ultimately wiped out if the 
distance over which it has to travel is sufficiently great. But is the 
state of nerve which we are now studying (that of incomplete recovery 
after previous activity) one of impaired conductivity i in the same sense ? 
In other words, would a propagated disturbance in its passage along a 
stretch of incompletely recovered nerve undergo a decrement and 
finally disappear? At first sight it appears that this is not so; the 
experimental evidence seems to point rather to a disturbance. under 
such conditions being reduced to a definite subnormal value and 
travelling then without further loss. The observations made at the 
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n 13, before the nerve was treated with alcohol, show 
that the time at which a second disturbance must be set up in a nerve 
if it is just to be propagated successfully to the muscle does not change 
perceptibly with the length of nerve which has to be traversed. This 
points to the conclusion that the second disturbance is undergoing no 


decrement. On the other hand there is definite evidence that a 
disturbance on ‘first entering a Tegion in which recovery is incomplete | 
does undergo a decrement, This is seen in the type of experiment, 


already discussed in an earlier part of this section, in which the interval 


_ between stimuli required to give a summated contraction is increased 


by local cooling of a part of the nerve peripheral to the seat of 
excitation. We have in that experiment two disturbances being 
propagated along the warmer part of the nerve at such an interval that 
the second finds recovery after the passage of its predecessor sufficiently 
complete to allow of successful propagation. The two disturbances 
enter a. cooler part of the nerve, where recovery goes on more slowly, 
and the second now finds recovery 80 incomplete that it is either wiped 
out or so far reduced that it is unable to affect the muscle. This 


experiment does not really resolve our doubt because it shows only that — 


a disturbance on entering a region of less complete recovery becomes 
smaller ; this may mean simply that to each degree of recovery there 
corresponds a definite size of disturbance transmissible without further 
loss, the reduction being accounted for by the transition from a region 
of more complete recovery to one of less complete recovery, and not by 
propagation with a decrement through the latter. However, though it 
is possible to reconcile. both the lines of experiment which we have 
described with the view that the subnormal disturbance travelling 
along an incompletely recovered nerve undergoes no decrement, we 
must not suppose that view to be definitely established. There is 
always the possibility that the second of two disturbances appears to 
undergo no decrement as it passes along the length of a nerve only: 


because such decrement as it does undergo is completed in the very 
early part of its travel. The observations of Gotch’ on the response 
of nerve to two stimuli have shown that the second disturbance: if set 


up at a short interval after the first undergoes a delay in transmission. 
It seems possible therefore that the second disturbance, if it falls on the 
nerve before recovery is complete, may start by undergoing a decrement, 
but at the same time may be delayed so that it lags behind its pre- 


falls 
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transmission without decrement is a possibility. If this e the 
difference between the impaired conductivity of incomplete recovery 
and that of narcosis may be merely that in the latter the condition is 
stationary, whereas in the former recovery is going on at so rapid a | 
rate that the delay in transmission associated with the n 5 
2 shifts the disturbance into a region of safety. 
On the data at present available this question can obviously not be 
settled. We must leave open the possibility that the impaired con- 
ductivity resulting from incomplete recovery may differ from the state 
which produoes a decrement. It should be noticed however that the 
alteration in what we have called, for want of better knowledge, the 
size of the disturbance is apparently of the same nature whether it is 
due to incomplete recovery or to a decrement; for the disturbance 
which is passing along an incompletely recovered nerve shares with 
that which has already encountered some decrement the reduced ability 
to travel through a region of decrement without total extinction. 

B. The supernormal recovery of conductivity. The continuous 
recovery of conductivity up to its normal value gives us no help in 
understanding the summation of propagated disturbances except in the 
suggestion which it offers that possibly the process of recovery may 
overshoot the mark, so that to the period of returning conductivity N | 
. succeed one of supernormal conductivity. 

We naturally turned our attention to determining whether by the 

a previous disturbance at which a second disturbance would be able to 
travel a greater distance than its predecessor: We had frequently 
observed that, at a stage of narcosis just preceding that at which 
conduction failed for the unmodified single disturbance, the interval 
between stimuli necessary to give a summated contraction might rise 
as high as 016 sec. This means that a second disturbance following 
another at an interval as long as 016 sec. is still encountering a slight 
difficulty of propagation. If we are to find a period 8 
we must search at times later than this. f 5 

Our method was to allow the alcohol vapour to pass at such a rate 
that complete suspension of conductivity for the full length of nerve 
within the chamber should require a time of at least three quarters of 
an hour. Then during the time when the conductivity for a single 
- disturbance had just disappeared for a given length of narcotised nerve, 
but not yet for the length about 5 mm. shorter, we tried whether the 
second of two propagated disturbances set up at a chosen interval of 
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time could travel successfully over the longer distance. We found that 
this was the case with various time-intervals between stimuli ranging 
from 024 to 075 sec. At intervals longer than this we did not succeed 
in obtaining the effect, and at shorter intervals we found that the 
second stimulus failed to produce a summated contraction before the 
conductivity became so reduced that the single disturbance was unable 
to traverse the distance in question.. In Fig. 16 we have plotted the 
results of four experiments (Exps. 16, 17, 18, 19) of this kind made with 
different intervals between stimuli. Each figure shows the last stages 
of the disappearance of conductivity, the numbers along the abscissa indi- 
cating minutes. The black area shows the height of contraction obtained 
with a single stimulus only, the line shows that obtained with the two 
stimuli following one another at the interval stated. The observations 
were made in regular sequence with both stimuli first, next with the 
stimulus from coil A alone, and then with that from coil B alone; this 
series was repeated over and over again until no contraction was 
obtainable, It will be noticed that in A, where the interval between 
stimuli is 016 sec., the response to two stimuli becomes equal to that 
to one stimulus just before conductivity is suspended, and there is no 
case of the two stimuli being successful when the single stimuli have 
failed both before and after. In B the interval is 037 sec. and the 
response to two stimuli continues well after that to one stimulus has 
disappeared. O is a remarkable case in which conductivity has been 
suspended very slowly and there are periods of a whole minute during 
which the two stimuli at 050 sec. give a large contraction while the 
single stimuli give none. In D the interval is increased to 075 sec. 
and the phenomenon is still clearly seen. Though we have failed to 
obtain the effect with intervals as large as 0°1 sec. yet we must not 
attempt to define too closely by this method the time at which the 
second propagated disturbance ceases to have an advantage. The 
results plotted in Fig. 16 are enough toshow the difficulty of deter- 
mining in any case whether the effect is present; the contractions 
obtained just before the complete suspension of conductivity are 
necessarily irregular, and too rapid an action of the alcohol may mask 
the effect entirely. We can only state that under conditions which 
showed the effect easily with shorter intervals between stimuli we did 
not obtain the effect with 
frequent trials. 

These experiments are essentially only repetition 4. 
experiments on summation at a region of local narcosis, with the 
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difference that they are made with two stimuli only. This difference 
does mean a real advance, since we were exploring in a much simpler 
manner the course of recovery after the passage of a single propagated 
disturbance. As the consequence of these experiments we are in a 
position to state that to the period during which conductivity returns 
continuously towards the normal there succeeds immediately a period 
during which a disturbance is propagated through a region of decrement 
without being reduced to so small a value as was its predecessor. Are 
we justified in saying that the second period depends for its effect (as we 
have shown the first to do) on an alteration in the ease of propagation 
of a given disturbance? There is always the possibility to be met that 
the whole effect is at the seat of excitation. We have been unable to 
devise any experiment by which this point could be tested on the actual 
case in hand. We have however been able to show that in the closely 
parallel case with which we have already dealt, namely the more 
successful propagation of the second of two disturbances from nerve to 
muscle, the possibility of the effect being located at the seat of excitation 
can be definitely excluded. 

The method of experiment was essentially that of Exp. 15, namely 
to change the temperature of the seat of excitation without altering that 
of the region in which the partial conduction-block existed. A sciatic- 
gastrocnemius preparation was set up in the chamber shown in Fig. 12, 
and the muscle was connected to the capillary electrometer in the usual 
way. The part of the nerve under the second electrode from the par- 
tition A was kept at a temperature between 6° and 7°C.; the part under 
the fifth electrode was kept between 22°8° and 23°C. The temperatures 
were maintained as in previous experiments by contact with varnished 
copper tubes through which water circulated. A series of observations 
was made in which the electric response of the muscle to two stimuli 
was recorded. A number of different intervals between the two stimuli 
was used; with each chosen interval between stimuli two photographic 
records were made rapidly one after another; in one the stimuli were 
applied to the warm part of the nerve, in the other they were applied 
to the cooled part. The records were analysed by the method of 
Burch, and curves were plotted showing as ordinates the maximum 
p. B. of the second electric response as a percentage of the first, and as 
_abscisse the intervals between the two responses (as in Figs. 10 and 11). 
If the larger response to the second stimulus depends on the excitatory 
process being more easily set up at the exciting electrodes, then we shall 
‘expect that for the cases in which the seat of excitation was cold the 
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eurve of heights. of the second response will rise more slowly with 
ineresse of interval between the stimuli than it will for the cases in 
which the seat of excitation was warm. Such an effect would necessarily 
result from the slower rate of recovery of the nerve in the cooled region 
and the consequent delay of that phase of recovery at which the 
heightened excitability would occur. If we may take Bazett's work!“ 
on the temperature-coefficient of the pai at an indication 
of the effect which change 
of temperature has on the 
rate of recovery after the 
of a propagated dis- 
“Wnrbance, we might expect 
for the change of tempera- 
ture of about 15°C. with 
which we have to deal here 200 
a change of some four times 
in the rate of recovery. Our 
observations showed how- 
ever that the difference of 
temperature between the 
electrodes had no measur- 
able effect on the curve 
relating the height of the 
second response to the in- 
_ terval between stimuli. Exp. 
20 is plotted in Fig. 17. 
Ordinates show the second 
response as a percentage of 
the first, abscisse show the ae 
interval between the re- 1 
sponses. The points plotted 
as circles are from stimula- intecval 725 — — 
tion in the warm part of 
the nerve, those plotted as 8 are from stimulation in the cold 
part. If we except the small variations which are inseparable from any 
experiment of this sort, the two sets of points run together. There is 
no evident bias in favour of the curve drawn through one set of points 
rising later than that drawn through the other. We conclude from 
* This Journal, . p. 426. 196. 
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disturbance from nerve to muscle is not due to a larger local excitatory 
disturbance being set up in the nerve under the electrodes at a certain 
phase of recovery after the passage of a previous propagated dis- 
turbance. The better conduction of the second disturbance from nerve 
to muscle must rest on a true improvement in the conductivity of the 
tissue, which permits the second disturbance to pass through the region 
of block with less decrement. _ 

3 In view of this evidence that there is a phase of supemormal 
conductivity in the recovery following the passage of a propagated 
disturbance we see no reason for seeking a different explanation for the 
better conduction of the second disturbance through a narcotised nerve 
as shown for example in Fig. 16. The view which we would put forward 
is therefore that after the passage of a propagated disturbance ‘the 
conductivity of a tissue (as measured by the ability of the disturbance 
transmissible at each moment to pass through a given region. of 
decrement) rises from zero continuously to normal, passes above 
normal to a maximum and finally sinks to normal again. Such 
quantitative measurements as we have been able to make would 
indicate that if the decrement is produced by the application of alcohol 
to nerve at about 15°C. the stage of recovery at which the second 
disturbance can travel half the distance travelled by a normal dis- 
turbance is reached at about 007 sec. after the passage of the first 
disturbance ; the normal distance of travel is reached after about 015 
sec.; the maximum of the supernormal conductivity occurs in the 
neighbourhood of 05 sec., and the 


OTHER EVIDENOE FOR A PERIOD OF SUPERNORMALITY 18 THE 
RECOVERY OF AN EXCITABLE TISSUE. , 


We have thought it necessary to enquire whether the existence of a 
period of supernormal recovery after. the ‘passage of a propagated 
disturbance might receive confirmation from the measurement of any 
other property of a tissue affected by previous activity. A possible line 
of investigation was suggested by some hitherto unpublished observa- 
tions which had been carried out by one of us on the refractory period 
of the sartorius muscle after an effective stimulus. It had been 
observed that to the period during which the tissue requires for its 
excitation a current diminishingly stronger than that required to excite 
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during which the current required is actually less than that by which 
the normal tissue would be just excited. This observation was sugges- 
tive, but could not be regarded as proof that the muscle really passed 
through a phase of heightened excitability; there was always the 
possibility that the effect might rest on an increased electric conduc- 
tivity between the exciting electrodes brought 8875 by the 8 
— of the contracting muscle. 

Such an effect of contraction must 8 be bent from nerve. 
Accordingly wo carried out some preliminary observations on a sciatic- — 
gastrocnemius preparation and soon discovered that at a time of the 
order of 02 sec. after the passage of a propagated disturbance a nerve 
required an abnormally low current-strength for its excitation. ! 

The method of experiment had better be described before we er 
into greater detail about the experimental results. As the sources of 
current we used two coreless induction coils, whose primary circuits 
included the keys of the pendulum described elsewhere by one of us*. 
The secondary circuits of the two coils were connected to the nerve of a 
‘sciati¢-gastrocnemius preparation by two separate pairs of platinum 
electrodes. The electrodes of the coil (B) whose primary circuit was 
opened latest by the pendulum were placed on the nerve about a 
centimetre nearer to the muscle than those from the other coil (4). 
The procedure of the experiment was to set the pendulum so that the } 
keys were struck open at a certain time-interval and to determine first 
the threshold current-strength for coil B acting alone, then the threshold 
for the production of a summated contraction by coil B following a 
maximal stimulus from coil A at the given time-interval (method of 
Boycott), and finally the threshold for coil B acting alone again. 
Observations were always made at an interval of 20 secs. T*. follow- 
ing is an example of the method. 


Pendulum set at 016 see. 
Tureshold for B alone. om. gives contraction. 
22°8 om. gives no contraction. 
Threshold for B following 4 2382 om. gives summation. 
28°3 om. gives no summation. 
. 22% om. gives contraction. — 


1 Sinee McClendon (Amer. Journ. Physiol. XXIX. p. 902 11912) has 
shown thatthe electri conductivity of « mnsele is increased during contraction 
2 This Journal, xxxvu. p. 461. 1908. 
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. : The coil B was calibrated by a simplified modification of the method 
osed by Martin. His method was capable of being simplified 

without loss of accuracy in the present case because the coil had no iron 
core. The absence of the core means that the strength of current in 
the secondary coil on breaking the primary circuit will be proportional 
to the strength of the current in the primary for all values of the latter ; 
also it means that the self-induction of the secondary coil will not 
be changed when the secondary is brought up over the primary. In 
this way two latge sources of irregularity are removed and it becomes 
possible to calibrate the coil for break shocks over its whole range 
by ascertaining what current strength in the primary circuit will give a 
constant shock in the secondary for each distance between the coils. 
This operation we carried out by using a milli-ampere-meter in the 
primary circuit and reading off for each coil-distance the current 
strength in the primary which gave a minimal twitch in a sciatic- 
gastrocnemius preparation placed in the secondary circuit. In order to 
avoid errors due to a progressive change in the excitability of the 
preparation, we checked before and after each observation made at a 
new coil-distance the value obtained at one standard coil-distance. 

By applying the method of experiment described above and inter- 
preting our results by the calibration curve obtained for coil B, we were 
able to make a series of comparisons between the current strength 
required to excite the nerve when at rest and that required to excite it 
when traversed at a known interval of time previously by a propagated 
disturbance. We attempted as a rule to carry the observations over 
such a range of time-intervals that the whole course of the recovery of 
the tissue was mapped out from the end of the absolute refractory 
period until the current required to excite had become normal once 
more, In plotting these out graphically we have found it convenient 
to express the state of recovery of the tissue in terms of its relative 
excitability rather than in terms of the relative strength of current 
required to excite; as the measure of relative excitability we have 
taken the reciprocal of the relative current strength ; thus if the 
current strength required for the normal tissue is 1 and that for. the 
tissue at the time under consideration is 3, the relative current strength 
is 3/1 and the relative excitability is 1/3. Finally we have plotted 
these fractions out as percentages, so that the normal excitability 
appears as 100 , and the relative excitability f in the case — 
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Fig. 18 shows such an experiment (Exp. 21) plotted out in fall. 
ri broken line represents norma! excitability, and the full line shows 
the relative excitability at any moment after the passage of the previous 
stimulus. Since the second stimulus was sent into the nerve at 
a distance of about 15 mm. from the first, and the temperature of the 
nerve was 14°8°C., there was a time of the order of 0005 sec. lost in 
conduction before the first propagated disturbance began at the seat of 
the second stimulus. This time should be deducted from the time 

- between the stimuli if the curve is to represent the course of recovery 
of the tissue under the second electrode; the whole curve should in 


een be shifted to the left by about half ons ot the.divisions of the 
- abscissa. The points on the curve show the actual: observations made. 
The possible error in each determination is expressed by the height of 
the rectangles on the curve. Thus at 016 sec. after the first stimulus 
(Fig. 18) summation was found when the coil B was at 23°2 om. and 
not when it was at 233 cm. Before and after this determination the 
normal threshold lay between 22°7 cm. which gave a contraction and 
228 cm. which did not. The least coil distance between the threshold 
after a previous disturbance and the normal threshold is 23°2 - 22˙8 0m. 
(=4 mm.) and the greatest distance 233 227 om. (=6 mm.). At 
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20 om, in coil B a change of 1 mm. in the distance between primary 
and secondary coils causes a change of 14 / in the secondary current 
at the break. There is a possible error of 1 mm, in the determination 
of the normal threshold (which lies somewhere between 22-7 and 228) 
so that the normal excitability i is 100 with a possible error of 1°4, The 
excitability after a previous disturbance is from 4 to 6 mm. greater than: 
threshold value and therefore lies between 100 * (1056) 
and 100 + (14 x 6)(=108'4), Thus at 016 sec, in Fig, 18 the rectangle 
on the curve joins 105°6 to 1084, When the nerve under the 
oleotrodes from coil B is still in the relative refractory period, the 
excitability is low and summation is given by strong stimuli only, 
These stimuli (which would be supermaximal for the normal tissue) 
generally upset the threshold value for the normal fibres and conse- 
quently at the shortest time-intervals the threshold error is considerable, 
For this reason such determinations were always made at the end of the 
experiment, | 

We have determined the course of recovery completely in four 
different preparations and the highest part of the curve alone in three 
more. Exp. 21 and Exp. 22 are typical examples. In the former the 
absolute refractory period lasted 0025 sec. The excitability had risen 
to normal at 012 sec, Its greatest value was 107°5°/, (mean) at 
018 sec., and it fell again to normal at 032 sec. (temperature = 1487 C.). 
In Exp. 22 the duration of the absolute refractory period was 0027 sec. 
The excitability rose to 100 at 014 sec. Its greatest value was 105 % 
at 02 sec. and it fell again to normal at 033 sec. (temperature 
= 155°C), 

In all our experiments on nerve the greatest excitability was found 
between 01 and 03 sec. after the passage of a propagated disturbance, 
and was never lower than 102% or higher than 108 % (mean values), 
These results show that after the passage of a propagated disturbance 
the break-induction shock necessary to excite the nerve may be from 
2% to 8% smaller than the normal threshold value. Do they show 
that the actual excitability of the nerve is increased? It must he 
admitted that they do not. A short length of nerve lies between the 
peripheral pair of electrodes and so forms part of the circuit of coil: B. 
The resistance of this length of nerve is many times greater than the 
resistance of the secondary winding of the coil, Consequently 3 
decrease in the resistance of the nerve between the electrodes will 
increase the flow of current through the secondary at break and the 
coil must be pulled out to make up for this diminished resistance, 
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“Theis the excitability of the nerve as measured by the distance between 
primary and secondary coils may have increased, although the true 


excitability has remained constant and the increase has been in “ag 


electrical conductivity only. 


We tested this point (Exp. 23) by including a length of nerve 5 
in the secondary circuit of an induction coil and measuring the current 
flow in the circuit at break, (a) when the nerve was normal, and 


() 02 sec. after the passage of a propagated disturbance down the 
nerve. If the resistance of the nerve is lowered by the passage of 
a # disturbance, the current should be greater in case (b) than in case (a). 
To indicate any possible changes i in the break current we used a second 
muscle-nerve preparation in series with the first. If the strength of 
the break shock changes, the apparent threshold of this preparation 
| — too. 19 will make — The 
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preparation & was stimulated through two pairs of electrodes aa’ 6 mm. 
apart connected to coil A, and 6b’ 21 mm. apart in the circuit of coil B. 
The distance between a’ and b was 12 mm. In series with the 

electrodes b b on preparation æ were the electrodes cc’ on preparation 
y. These were 2 mm. apart. The experiment was divided into two 
sections. In the first of these it was shown that the apparent excita- 
bility of the preparation # to stimuli sent in by the coil B rose by 3 
to 4% above the normal when coil A had sent in a maximal stimulus 


02 sec. earlier. In the second section the apparent threshold of 


preparation y was determined, (a) when the nerve between b and b’ 
was in a normal condition, and (b) when the nerve between ö and 5 
had been traversed 02 sec. earlier by a propagated disturbance sent in 
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from coil A. With the latter arrangement the threshold. was aay 
the same whether the stimulus from coil A did or did not pass. 3 
In the first half of the experiment the apparent excitability of the 
preparation « rose from 100 to 103-104 after the stimulus from coil A. 
If this rise in apparent excitability is due to a change in the resistance 
of the nerve between ö and J’, the change must be at least 3°/, of 
the total resistance in the circuit B. But in the second part of the 
experiment it was shown that the apparent threshold of the preparation 
y was not affected by the previous stimulation of . Taking into 
account the possible error in this determination, the strength of the 
stimulus from coil B could not have been altered by more than 1% 
when the nerve between ö and ö“ was in the condition of apparently 
increased excitability. This means that the total resistance of the 
circuit could not have decreased by more than 1°/,, This decrease will 
not explain the increased excitability of the preparation x. 

The resistance of 1 mm. of the sciatic-nerve of the frog as 8 
mined by Whetham's method under the conditions of the experiment 
was about 8000 ohms. Consequently the resistance in the aut of 
coil B was made up as follows: es 3 


450 ohms 


Coil = 
‘Nerve & between b and b; 8000 x 21 „168000 „ 
„ Y „ e „ 8000 2 * 16000 „ 
Total = 184450 ” 


As this resistance not more than 1%, the yesistance 
of the nerve # cannot have changed by more than 1'15°/, (as 1% of 
184450 < 1:15 °/, of 168000). In some of our later experiments (eg. 
Exp. 22) a water resistance of 108000 ohms was included in the 
secondary circuit of the coil B, and the electrodes from this coil were 
placed 1 mm. apart on the nerve. With this arrangement the 
resistance of the nerve between the electrodes is less than one-tenth of 
the total resistance in the circuit and an increase of 3°/, in the apparent 
éxcitability would imply a decrease of more that 30°/, in the resistance 
of the nerve after the passage of a propagated disturbance. We have 
seen that the actual decrease cannot be greater than 1°15 %. Con- 
| sequently the possible changes in the electrical resistance of the nerve 

are insufficient to explain the observed increase of excitability after the 
passage of a propagated disturbance. — 

11 is clear from these experiments that the period of diminished 
excitability (relative refractory period) is succeeded by one during Which 
the excitability is raised above its normal level. This is a valuable 
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118 Z., D ADRIAN AND K. LUCAS. 
confirmation of our general contention that recovery does pass through 
a period: of ' supernormiality. It might appear however that it was rather 
an argument in favour of a heightened ‘excitability’ than a support for 
the existenee of the improved ‘conductivity’ to which our previous 
experiments have pointed. There is of ‘course no reason why both 
properties should not be altered in a similar way, but we think it worth 
while to point out that whereas our former experiments showed a true 
heightened conductivity, the present experiments show a change which 
may be concerned either with conductivity or with excitability or with 
both. The simple fact shown is that at a certain period of recovery the 
tissue requires an abnormally small current to. initiate an effective 


propagated disturbance. As one of us has pointed out in a previous 
paper’, the strength of current required to initiate such a disturbance 
may depend on one or both of two factors, namely the ease of setting up 
a local excitatory change (excitability) and the ease with which that 
change can set in motion the propagated disturbance. The latter effect 


is obviously concerned with just that property to which we refer when 


we speak of conductivity, the only difference being that in the one case 


the disturbance is initiated by a similar disturbance in the neighbouring 
section of the nerve, and in the other case it is initiated by the presence 
of the local excitatory change. It seems to us therefore not improbable 
that the curves which we have plotted out by these experiments on the 
strength of the exciting current give us a measure of precisely the 
same property, ease of setting up the propagated disturbance, whose 
recovery we to in our on 
decrement. 


VE den oF THE OF 
As the result of the experimente described in, thie. paper we 
been led to the conclusion that the summation of propagated: distur- 
bances depends upon the fact that after one disturbance has passed into 
a region in which it has undergone a decrement the conductivity in that 
region passes through a course of recovery which includes a period of 
supernormal ease of propagation; a second disturbance entering the 
region during that period will be propagated . over a greater distance 
than the first because the heightened conductivity means a less rapid 


e It is evident that such a sequence of n ane cause the 


This Journal, x1, p. 284. 1910. 
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zummation effect to increase with the number of disturbances, since 
though the second one may fail to find its way completely through the 
region of decrement it will have progressed further than the first and se 
have opened a longer stretch of the conducting tissue to the possibility 
of .supernormal recovery ; the third will in 
turn outrun the second. 
In view of this explanation of the 8 we may return to the 
views expressed by Fröhlich, which we have mentioned already in the 
earlier parts of this paper. The essential feature of Fréhlich’s account 


of summation is that there is involved no true ‘ heightening of the life- 


processes, the effect of better conduction being an ‘apparent effect’ in 
the sense that it is brought about merely by a slowing of the processes. 
With such a view our work is not concordant. Our experiments on the 
returning excitability of nerve appear to show that the recovering tissue 
does actually pass through a phase in which its activity can be provoked 
by.an abnormally small stimulus. The stimulus which we have used in 
these experiments, the break-shock from a coreless induction coil, is one 
of extremely short duration, and all recent work on the relation between 
the strength of an effective stimulus and its duration agrees in showing 
that a tissue will respond less easily to such a stimulus if by any means 
its excitatory process is slowed, If then the effect of a first stimulus is 
indeed to slow the excitatory process for the second, this slowing must 
be outweighed by an actual increase in the ease of setting up the 
propagated disturbance even larger than that which our observations 
have been able to demonstrate. That a slowing of the conduction 
process is a constant accompaniment of the phenomenon of summation 
we agree, but that it is consequently to be regarded as a feature 
essential to the process we do not find proved. The same conditions in 
a tissue tend to produce both slowing and a decrement in the propagation 
of the disturbance. The fundamental property of the excitable tissues 
which we are invoking to explain summation is one which does not 
depend for its manifestation on a slowing of the tissue. On the other 
hand, for the visible occurrence of summation a region of decrement is 
indispensable. Consequently we consider that of the two constant 
accompaniments of this type of summation, slowing and a decrement, 
the former is to be regarded as a mere accidental accompaniment of the 
latter, To the explanation which we offer slowing is then unnecessary. 
Nor do we find that Fréhlich has given an explanation of summation 
which shows satisfactorily the need of slowing. If his conception of the 
‘excitation-remainder’ is valid it must of course make summation a 
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direct consequence of slowing; but for reasons which we have expressed 
in an earlier part of this paper we do not find in that — an 
adequate explanation of the phenomenon of summation. 

It may be well that while we are considering the 88 of 
ed of the processes in a tissue we should point out one consequence 
which follows from our work, namely that an observed prolongation of 
the ‘refractory period’ as measured by the interval between two 
stimuli necessary to provoke a summated contraction, cannot by itself be 
taken as evidence for a slowing of the recovery processes in the tissue 
concerned. Our experiments on the alcohol decrement have shown that 
the interval between stimuli necessary to produce a summated con- 

traction depends upon the length of narcotised nerve through which the 
disturbance has to travel before it reaches the muscle. Our interpre- 
tation of this fact is that the disturbance will undergo greater decrement 
in travelling over the greater length of nerve and consequently must be 
started later in the process of recovery so that it may be larger and may 
encounter the greater diminution without being completely abolished. 
We have then two factors to consider as determining the necessary 
interval between stimuli, the rate of recovery of the tissue and the 
degree of decrement which the propagated disturbance may encounter. 
In interpreting an increase of the apparent refractory period induced by 
any drug or other condition we must ascertain that there is no decrement 
present before we can attribute the effect to a slowing in the e 
process of the tissue. 

In our investigation of . intimate nature of the summation of 
propagated disturbances we have purposely restricted ourselves to the 
evidence obtainable from the isolated nerve-muscle preparation, and 
have not allowed any knowledge of the summation phenomena observed 
in the central nervous system to establish by analogy the nature of 
the processes observable in the simpler case. Our object has been to 
determine independently what happens in the simple tissues and then 
to enquire whether the properties which we have been able to ascribe to 
them will suffice to account for the summation observed in the central 
nervous system. 

In the first place it needs no 8 that the summation observable 
in the reflex - aro is a true case of summation of propagated disturbances. 
The impossibility of eliciting certain reflexes by a single stimulus however 
strong, though they can be provoked by a series of stimuli very much 

weaker, is proof enough: that we have to deal with cases in which 
the ineffective stimulus’ does set up a propagated disturbance. The 
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cumulativs effect of long series of stimuli is a common characteristic 
of summation in reflex arcs; Sherrington’ had noted a case in which 


_ the reflex response was not obtained until the forty-fourth successive 


stimulus. We have already pointed out how such a cumulative effect 
may result from the occurrence of a period of supernormal conductivity. 
Another important feature of reflex-arc summation is its occurrence 
with stimulation at two points neither of which can be traversed by 
- disturbances set up at the other. This occurs in the type called 
‘Reinforcement*’ for example when concurrent stimulation of the 
erossed fore foot and the same-side hind foot is more effective in 
6 producing flexion of the hind leg than stimulation of either point alone. 
In such a case there can be no summation until the impulses from the 
two points converge upon a common path. This case agrees with the 
fact demonstrated in the summation which we have observed, that 
the effect is not at the seat of excitation, but in the region of decrement. 
The one point of difference between the cases of summation which 
we have observed for example in the nerve-trunk, and those to be seen 
in central paths, appears to be in the absolute time-relations. In the 
former the limit of heightened activity after the passage of a single 
disturbance appears to be about 0°1 sec. Sherrington mentions cases 
of reflex-arc conduction in which the limit may extend to 1°4 and 1°5 
se Such a difference is only to be expected from what we know of 
the slowed time-relations of the synapse. We have hdwever observed 
in certain cases a facilitating influence of previous stimulation in 
locally blocked nerve extending to times of quite a different order to 
that which normally results from a single stimulus. Thus if in such 
a preparation stimuli at a rate of one in two seconds produce no 
contraction, and a more rapid series produces a group of strong con- 
tractions, it may be found that for several seconds after the contractions _ 
due to the rapid series have subsided stimuli of the original slow rate 
will produce contractions which will gradually diminish until they 
disappear again completely. Fig. 20 (Exp. 24) is a case of this sort. 
The block in the nerve was produced by heating to 40°—42°C. The 
speed of the recording surface was 3°5 mm. per sec. It will be seen 
that after the large contractions have ceased the slow stimuli continue 
to produce contractions for a time exceeding ten seconds, and then fall 


a Integrative Action of the Nervous System, p. 37. 1006. 
* Sherrington, op. cit. p. 175. 
Op. 
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of recovery after the passage of their predecessors, This is a very 


continuous: This phenomenon is of rare occurrence in our experiments, 
and we have not traced the conditions under which it is found. Whether 
it is to be classed with the regular summation effects which we have 
studied oF separate we 

In attempting by these $0: throw some light: on thi 
W nature of summation we have had in view the possi bility | 
which prompted also the recent work of one of us on the Wedensky 
inhibition. The phenomena which form the special characteristics of 
appear at first to be of a nature fur 
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te h the possibilities of conduction as we know it in ‘the nerve- | 
trunk. In consequence there is a tendeney to attribute to the central a 
neurone and its connections properties which have no basis in the 
direct observation of the simple conducting tissues. It is our belief 
that the time for such ‘a procedure can only come when it has been 
proved after repeated trial that there is no explanation of central 
phenomena possible in terms of properties revealed by the study of the 
simple tissues, It has already been shown that there is at least a 
possible form of inhibition and a possible form of summation demanding 
for their fulfilment only two conditions, the presence of a region where 
| propagated disturbances undergo a decrement, and the timing of 
successive disturbances so that they shall fall in the requisite phase 


small beginning, and it may yet prove that the inhibition and sum- 
mation in central paths do not conform to these types. But it should 
be remembered that we are only just on the threshold of knowledge 
about the fundamental facts of simple conduction ~~ * pene 
hypotheses must be constructed. 
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— 


propagated 
1 an electri¢ current two stages must be recognised, (a) the setting up 
by the current of a local excitatory disturbance, (b) the initiation by the 
local excitatory disturbance of a propagated disturbance. Correspond- 
ing to these two processes there are two types of summation observable, 
(a) that in which a local excitatory disturbance of insufficient magnitude 
to initiate a propagated disturbance is set up by one stimulus, and, 
owing to its partial persistence, renders adequate the excitatory dis- 
turbance set up by a second otherwise e a stimulus; this we 
call the summation of local excitations”; (ö) that in which a first 
stimulus sets up a propagated disturbance * propagation is blocked 
at some point by a region of decrement; after the passage of this 
disturbance that set up by a second like stimulus is successfully 
transmitted through the region of decrement; rae we call the “ summa, 

of propagated disturbances.” 

The latter type of summation is obtainable at the innelicn 8 
motor nerve and striated muscle in the frog. This fact explains the 
observation of Samojloff that in a muscle excited from its nerve the 
electric response to a second stimulus suitably timed is larger than the 

response ‘to the first stimulus. The summation is obtainable more 
obviously when the junction is so altered by fatigue or curare that 
a single impulse passing down any fibre of the nerve is unable to excite 
the muscle at all. 
The occurrence of this type of summation does not depend on any ; 
property peculiar to the junction between two excitable tissues (myo- 
neural junction or synapse); it can be obtained if a part of a continuous 
nerve or muscle is subjected to treatment (narcosis or heating) which 
eauses the single propagated disturbance to undergo such decrement. 
that it fails to pass through the affected region. 

The summation of propagated disturbances commences with inter- 
vals between stimuli slightly greater than the relative refractory period, 
passes through a maximum and disappears as the interval is in- 
creased, 


The more successful propagation of the second disturbance i is shown 

to occur whether the second stimulus does or does not fall on the same 

point as the first, and therefore to result from some change set up in 
the tissue by the re propagated disturbance as such. 1 
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The “conductivity” or size of disturbance transmissible in a tissue 
at any time-interval after the passage of a previous propagated dis- 
turbance can be measured in terms of the distance which the propagated 
disturbance transmissible at that moment can travel through a region 


offering a given decrement. By this method it is found that after the 
passage of a previous disturbance the “conductivity” rises continuously _ 
from zero to normal, then passes above Tee ee 


normal again. 


The recovery of u tissue as measured by the strength of stimulus : 


required to set up a propagated disturbance at various times after a 
previous one presents the same features. The period of supernormality 


observed in this way depends on a true change of physiological state 
and not on a lowered electrical resistance of the tissue such as — . 


increase the strength of the exciting current. 


The summation of propagated disturbances depends on the falling 
of each successive disturbance in the supernormal phase of recovery 
after its predecessor. This results in each disturbance being propa- 


gated to a greater distance than its predecessor * the 8 of 
The “refractory period of a motor nerve, as ee by the 


‘intend between stimuli which will give a summated contraction in 


the muscle innervated, involves two factors (1) the rate of recovery of 
the nerve, (2) the degree of decrement of the second. disturbance in 
its passage to the muscle. A change in the “refractory period” so 


measured is in no evidence of changed 
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THE RULE or REFLEX RESPONSE IN THE LIMB 
a REFLEXES OF THE MAMMAL AND ITS EX- 
. CEPTIONS. Br T. GRAHAM BROWN ann C. 8. 
SHERRINGTON. 


(From the Laboratory of the —— 


4 BROAD rule observable in the reflex movements elicited from the 


mammalian limbs by stimuli applied to afferent nerves of the limbs 
themselves is that the movement in the stimulated limb itself is flexion 
whale that in the crossed fellow limb is extension’. But occasionally this 
paradigm is departed from“; and a standing exception is the “extensor 
thrust” which, although elicited by stimulation ‘of the ipsilateral foot, 
is an extension reflex’. . 

In all the following observations the cat bas been the animal 


- investigated. Usually the decerebrate preparation has been used, 


but in some cases the observations are in the high spinal —— 
or low spinal (otherwise decerebrate) preparations. : 

Movements at the knee. When the main joints and muscles of the 
hind limb are observed separately the rule is found to hold good for 
them severally; the occasional exceptions which occur can then be 
more particularly examined. ; 

Thus in preparations in which the main extensor of the ei: 


| e eee isolated reflex contraction, instead of reflex relaxation, 


is found to occur not infrequently in response to ipsilateral stimuli in 
the decerebrate condition. This occurs especially i in the case of weak 


Stimuli“ and when the electrical stimulus is the galvanic current and 


not faradic stimulation’. This ipsilateral contraction is never very 


116. 1910. 
* Ibid. xu. p. 55, 1910. Quart. Journ. of Exp. Phys. w. p. 889. 1012. 
3 Proc. Roy. Soc. p. 67. 1900. 
* Sherrington and Sowton. Proc, Roy. Boe. B, Mx, b. 496. 1911. 5 Ibid. 
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_ preparations (low spinal) are used in place of decerebrate the ipsilateral 
contraction of the knee extensor is not met with’. 


Again, the crossed reflex at the knee is occasionally flexion instead 


of extension. Observations with the isolated semttendinosus—a main 
flexor of the knee—show that sometimes increased reflex contraction of 
this muscle ensues on stimulating the afferents of the contralateral hind 


limb when the muscle is already in reflex contraction from stimulation 


of the afferents of its own limb The usual result is, however, dimi- 
nution of the ipsilateral reflex contraction on applying the — 
stimulus. | 


Movements at the ankle. At the ankle 555 too variations in is 
general rule occur.” Judging from observations on the intact limbs 


the rule is more subject to exception. But to examine the rule for 
the ankle separately the muscles acting upon the hip and knee must be 
put out of action since the extensors of hip and knee can of themselves 
extend the ankle indirectly by their mechanical action. 
The requisite conditions have therefore been ensured by 8 
of the tendons of tibialis antious and gastrocnemius-soleus of one 
limb; these muscles being respectively the main flexor and extensor bul 
the ankle. The mechanical effect of all the other muscles of both hind 
limbs has been excluded by severing their nerves or their tendons, the 


limbs themselves being firmly fixed in strong steel holders, The 


tendons of the isolated muscles have been connected to the levers 
of a double myograph. To evoke reflex action in the recording muscles 
the internal saphenous nerves of both sides have e 
occasion required, faradised. 


In decerebrate preparations the bees yielded, 


as its most constant effect, contraction of tibialis antious the flexor 
muscle—in accordance with the general rule’. This contraction of the 
flexor is, as a rule, unaccompanied by contraction of gastrocnemius- 
soleus—the antagonistic extensor. Several times, however, in the series 
of observations the exceptional result of contraction of gastrocnemius 
instead of tibialis has occurred—tibialis showing no contraction (Fig, 4). 
The contraction of gastrocnemius was usually preceded by a remarkably 


long latent period. It is to be remarked that we are referring here 
solely to the primary effects of the stimulation and are not entering 


upon the effects which follow the withdrawal of the stimulus, In * 


1 Sherrington and Sowton. Proc, Roy. Soe. 11. 
This Journal, xx. p. 59. 1910. 
ie * Quart. Journ. of Eap. Physiol. rv. p. 889. 1912. 
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Fig. 1. Antagoniste at ankle-joint, Decerebrate cat, contralateral stimulus applied 


6 hours and 21 minutes after decerebration. A contralateral flexion response, 
In this and in all the other figures reproduced here the upper tracing records the 


movements of tibialis anticus, and the lower those of gastrocnemius. In either case 
the rise of the curve denotes contraction, and the fall relaxation, of the muscle. 


9 72 Between these tracings a millimeter scale has been drawn on the blackened paper. 
The first signal line gives the time relations of contralateral stimuli. The beginning 


and end of stimulation are denoted by the letters A and B. Corresponding ordinates 


lettered a, a’, b, / have been drawn on the two tracings with the drum stationary. 


f 


These therefore mark on the tracings approximately the beginning and end of stimu- 
lation. The second signal line gives the time relationg of ipsilateral stimuli. The 


1 ¥ (and 2, U, y, V for the ordinates). The lowest line is 


a time tracing and records seconds. 


Fig. 2 Antagonists at ankle-joint.. From the same experiment as Fig. 1, but after the 


preparation had been converted to the low spinal condition by severance of the spinal 
cord in the lower thoracic region. A contralateral stimulus applied 6 hours and 
reaction is that of contralateral flexion. 
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cases of ipsilateral extension mentioned above the effect was in some 

cases obtained with minimal strengths of stimulus, and increase of 
the strength of stimulus led to the appearance of contraction hed the 

flexor and abolition of: the extensor contraction’. 28 


* 


Fig. 3. 4. 

_— 6 hours and 1 min. after decapitation. A well marked and sustained contralateral ge 
flexion response. 
5 Fig. 4. Antagonists at ankle- joint. Decerebrate cat, weak ipsilateral stimulus applied ae 
4 5 hours and 54 mins. after decerebration. The response is one of ipsilateral extension 8 
and stronger stimulation evoked ipsilateral flexion. The latency of the reaction is * 


The contralateral saphenous nerve has, in the majority of the 7 


e 


* 


yielded contraction of gastrocnemius-soleus without 
comtenetion of tibialis anticus—thus exemplifying the rule. 
4 1 Quar. Journ, of Exp. Physiol Iv. p. 861, 1912. 
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Genii: 8 it has evoked the converse effect (Fig. 1); : 
namely contraction of tibialis anticus without contraction of gastro- 
onemius. This exceptional reaction has occurred under stimuli stronger 
than those sufficing to evoke tibialis contraction from the ipsilateral 
afferent, and the contraction has been usually—but by no means 
always—less well maintained than in the ipsilateral reflex. In some 
cases not only has no contraction of the gastrocnemius muscle ac- 
companied this tibialis contraction but the gastrocnemius has shown 
obvious inhibitory relaxation (Fig: 3); reciprocal innervation of the 
_ antagonistic muscles was therefore clearly at work but i in a direction 
opposite to that of its usual response. 

Taking the series of observations as a whole contralateral fasion as 
an exception to the general rule of contralateral extension has been 
less infrequent than has been ipsilateral extension as an exception to 
the general rule of ipsilateral flexion. 

With the isolated ankle muscles, just as with the isolated knee 
muscles, the exceptions to the rule of ipsilateral flexion have been 
confined to decerebrate preparations, and have never been clearly met 
with in purely spinal preparations’: But the spinal preparations have 
yielded instances of contralateral flexion of ankle breaking the general 
rule of contralateral extension* (Fig. 2). And these instances were 
furnished by the same preparations which in the decerebrate condition 
prior to spinal transection had also furnished exceptions similarly 
breaking the general rule. The A was made in the 


— 
Conciusions, 


The rule of ipsilateral flexion and contralateral extension holds, in 
the great majority of cases, for the reflex response of the hind limb to 
stimulation of the ipsilateral and contralateral limb afferents proper. 
It is, however, subject to a certain amount of variation in which the 
reverse of the rule occurs either in one limb or the other. These two 


types of exception do not tend however to occur in one and the same 


preparation. 
One type of exception, namely ipsilateral extension instead of 


ipsilateral flexion, has been met with only in decerebrate preparations 
and not in spinal. With weak stimuli it seems ee 
_ phenomenon at the knee. 


1 Quart. Journ. of Exp. Physiol. tv. p. 860. 1912. 3 
2 Ibid, p. 340. | Ibid. p. 845. 
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fenton in plac of exteokiow bes 


met with in spinal preparstions. as well as in decerebrate, and those | 
Particular préparations which: yielded it sometimes do 60 both in the 


decerebrate’and in the purely spinal conditions. | Contralateral flexion 


"The rule shows that the usual reflex: condition of thé limb centres 
both in the decerebrate and in the purely spinal preparation is such 
that the stimulus provokes flexor contraction upon one side and 


extensor contraction upon the other. The “neural balance as 


regards the limb- pair taken together may therefore be described as 
being in that case equally disposed to flexion and to extension 
although oppositely weighted in the two limbs: In those exceptional 
pteparations: which yield ipsilateral extension instead of ‘ipsilateral 
flexion the effect of the stimulus is that both limbs extend. In this 
case the neural balance seems for some reason to be dominantly: dis- 


posed or weighted towards extension. And this appears to happen 


only in decerebrate preparations; and in decerebrate preparations 


there is, as is well known, the marked tonic activity of the extensor 


muscles which constitutes decerebrate rigidity. 

On the other hand, in those exceptional preparations which, yield 
contralateral flexion in place of contralateral extension the effect of the 
stimulus is that both limbs flex. In this case the neural balance 
seems for some reason to be dominantly weighted towards flexion, and 
it is noteworthy that the same preparations which exhibit this tendency 


in the decerebrate condition may also exhibit it when rendered purely : 


Journ, of Bap. Physio. v. m un. 
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CHEMICAL NATURE OF SPECIFIC CA PA- 


Scholar of Gonville and Caius College, Cambridge. : 
the Physiological Laboratory, Cambridge) 

 Hisrortcan anp Orrricat, 
for combination of omygen with | 
general principles, it has been assumed by the majority of physiologists 
that oxygen combines chemically with the iron of the molecule, and 
that hemoglobin is essentially identical for different species, at any rate 
as regards the nature of its union with oxygen. In support of this view 
of chemical combination, Hüfner, working with the spectroscope, 
considered that he had demonstrated by his curves and by his extinction 
coefficient relations (ie. E/ E.) that hemoglobin was identical in 
different animals, existing as one substance throughout the higher 
animals as regards its union with oxygen. Later, however, although 
Gamgee@ accepted Hufner's results, spectrophotometric methods 
were to a certain extent discredited, owing to difficulty of accurate 
observation; although Hufner and his pupils extended the work later, 
disproving the objections to spectrophotometric methods u Mean- 
while, indirect evidence accumulated in favour of chemical combination. ) 
In 1904, Laidlaw, extending the observations of Hoppe- Seyler, 
showed that, whereas it was easy to split off the iron from reduced 
hemoglobin, strong acids were required to remove it from oxyhemo- 
globin, that is to say, the oxygen had fixed. the iron to the molecule, 
probably by a chemical union. More recently, Barcroft working with 
several observers has given considerable additional evidence; thus 
Bareroft and Camis@. showed that the differences in the dissociation : 
eurves of different. animals were due to variations in the salt content, 
and that essentially. ‘the same curve could be obtained from dialysed 
solutions of the hemoglobin of different animals, in this manner 
icatin ‘the probable existence of one hemoglobin ; 3 
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and Roberts@ proved that a curve given by a completely dialysed — 


solution of hemoglobin approximated very closely to that deduced by 
Hüfner from theoretical considerations of a simple chemical mass 
action; Barcroft and King@ working upon the alteration of the 
dissociation curve with temperature, gave strong evidence for the 
reaction being of a chemical and not a physical nature, owing to the 
enormous change produced by temperature; this was subsequently 
confirmed by Barcroft and Hill@ who were able to calculate a value 
for the molecular weight of the hzmoglobin molecule, approximating to 
those obtained by chemical means from the heat of combination 
observed. Again, Douglas@ showed that the relationship of oxygen 


capacity of blood to its depth of colour was not materially disturbed — 


during regeneration following repeated hemorrhage in rabbits, thus 
supporting the view that at least the hematin portion of hemoglobin is 
the same for the same individual at different times. More recently, 
Butterfieldoo and Masing and Siebecken working with improved 
spectrophotometrie methods have given important evidence in favour 
of a chemical relation of oxygen to iron in different animals and under 
different pathological conditions, Butterfield by analogy with carbon 
_ monoxide combination and the other observers by determining the 
oxygen combined per gramme of — 
metrically. 
Voidenos against Whereas the above facts 


Vvould seem to form overwhelming evidence in favour of a chemical 


theory, those who have tried to obtain a value for the relation of oxygen 
to iron in hemoglobin by direct methods have met with wide variations 
in their results. Hoppe-Seyler@ believed the evidence in favour of 
the view that hemoglobins varied, and that there existed in the corpuscles 
two substances, arterin in the arteries, and “phlebin” in the veins ; 
subsequent evidence showed that his proofs were not tenable (see 
Gamgee dd). The question was investigated later by Bohr an, who, so 
far from establishing a definite relationship found the ratio extremely 


inconstant, and introduced the term “Specific Oxygen Capacity, which 


he defined as “the ratio of combined oxygen in cubic centimetres at 
normal temperature and pressure to the iron in grams in a given amount 


of a solution of hemoglobin formed from laked blood or a solution of 


hemoglobin crystals, which had been saturated with air at 15° C.“ 


Although Hüfner had ascribed his variations to impurity of solutions 


investigated, Bohr continued to believe in the accuracy of his results, 


and held that the “Specific oxygen capacity varied in different animal 
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in different animals of the same species, and in the same 
individual at different times, a view which was supported subsequently 
by Bornstein and Müller un In order to explain his experimental 
results, Bohr believed in the existence of a series of oxyhemoglobins 
a, B, , & with various specific oxygen capacities (throughout the 
remainder of the paper specific oxygen capacity will be written 
Sp- O. C.), the ratios obtained being due to various admixtures of these 
substances. In addition, he and others working under him, believed 
that the Sp. O. C. changed as the blood passed from the ‘artery to the 
vein; as their experiments did not show a constant variation, they were 
forced to the conclusion that the variation was regulated by the needs 
of the tissues. The view that the Sp. O. C. changed in the same animal 
at different times they supported further by experiments upon bleeding, 
by which a variation in Sp. O. C. was found upon regeneration following 
a saline injection. The whole was considered by Bohr to be an 
indication of the fact that the body could adjust its oxygen supply 
according to the actual tissue needs. A considerable amount of 
evidence is to be found in the pathological literature upon the subject, 
which it is not possible to discuss in this paper (see Krauz, Kohler 
and Schulz). 

| Evidence for adsorption. Before giving the results of the direct 

analyses made by these observers, mention must be made of Ost wald un 
who has suggested, and of Manchot o who considers, that he has 
obtained proof of the view that oxygen is adsorbed by the hamoglobin 
molecule, a view which can be fitted to the dissociation curves obtained 
by the various observers. 
determinations. From theoretical considerations if the com- 
bination is | 
| in the Hb O, HbO,, 
then Sp. O,: Fe = 4009. 

“Therefore, if the Sp. O. C. is above the value 401, excluding errors 
due to experiment, hypothesis of combination is 
not tenable. 

On the other hand, if the 85.0. C. ree a value. below 401, exeluding 
| experimental error, it may be concluded either that (a) hemoglobin is | 

not a ‘simple substance, but a mixture (as Bohr believed), or (6) that the 


* 


A ny he ety 


4 
7 
5 
a 
* 79 
4 
— 
4 
A 
2 
70 
og 
3 
a 
L. 
4 
= 
{ 
; 
7 
a 
= 
A. 


134 


4. ‘PETERS. 


combinsition is not.chemical, or (e) that if chemical, the haimoglobn 
under investigation is either (a) not pure (chat is it contains amal 1 
quantities of substances such as methemoglobin, which would dinitnisk 1 


the O. value) or (8): not fully saturated... 


The are which hav been 


mammals: 


* 
3 


| Bohr un also quotes a value for birds, 16 individuals, the: blood e of 
which was divided into five parts and analysed. Sp. O. C. = 356-344, 
mean 348. Again in one case upon Delphinus communis Sp. 0.€. 
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= 413. For rabbits, he gives a value of 389. 


The values for Sp. O. C. found directly by these 8 seem at 
first conclusive evidence against the chemical hypothesis, for Bohr, 
Tobiesen, Abrahamson, and Müller have all obtained values 5 /. 
above the theoretical ratio 401. Therefore before passing to the results 
of recent experiment, it is necessary to show that such an experimental 
error was possible under the old methods of determination. 

In the estimation of a ratio, errors may be cumulative or may divide 
out in the calculation. Thus, supposing the ratio observed to be = p and 
farther supposing that there is 41 error + for a, and — ** 
(2). That is the 1% 
error has been cumulative, and appeared as 2 %. Tn ‘this manner an 


resulting fraction would appear as 100 


2 These results have been calculated to correspond with 
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error of 3% upon each determination might appear as 6 ½, that is with 
an error of 3% in the iron and oxygen determinations ee 
ratio if theoretical might vary from 377-425. te 

That an error of this magnitude should have been present is not 
improbable, when the older methods of analysis are considered. The 
method of oxygen estimation by the gas-pump was lengthy and admitted 
of extremely few determinations, so that an error of 3 ½ is probably a 


low estimate. The difficulty of accurate determination of the — 
coefficient for oxygen is also very great. 


With to the iron estimations, it is noticeable 
of Bohr and Tobiesen were performed by titration with potassium 
‘permanganate in the presence of chlorides, which, as it is known now, 
interfere seriously with the titration. These observers did not make as 


_ rule duplicate determinations, except where they considered that the 


results required confirmation ; it is difficult also to obtain zinc absolutely 
free from iron; and so taking into account the fact that the iron 


‘estimations have to be performed upon between 30 and 50 milligrams, 


and the method was not a good one, it is probable that the error in 
the iron estimations was between 2 and 3°/, at the least. „ 
It is therefore possible to explain any value up to 425, and probably | 
up to 430, as due to experimental error. This however would not 
‘explain those obtained above 430. By reference to the original papers 
of Bohr ao and Tobiesen us, it can be seen that the former observer, 
out of the. 22 cases upon normal blood, has only 3 over 401 (viz Sp. O. 
= 468, 437, 435), and in the whole paper including animals under condi- 
tions of anemia etc. between 80 and 90 estimations, Bohr only obtains 
two more figures (namely Sp. O. 461, 426), which are above 420, except 


| for 549, which he marks with an asterisk. It therefore seems probable — 


that the figures 468, 437, 435 are due to errors, which were overlooked 
possibly in the course of estimation; further, this is supported by evidence 


from the experiments of Tobiesen, because he has obtained values within 


much narrower limits (viz. Sp. O. 378-429 in 17 individuals, 429 being 
the only value above 419). Therefore it seems probable that the few 
high figures of Bohr mey have dess dus to the difficulties — | 
‘by the earliest methods. 

The text observer Abrahamson an has one 
450 ober 301 in 32 cases, which would again indicate a possible experi- 


mental error. Bohr's figures for the horse would be within the 
experimental error. Lastly, the work of Bornstein and Müller ua 


gives one value 4583, which reduces to 402 when corrected for 
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temperature!, so that there are no figures remaining as material 
evidence against chemical combination. : 
Bornstein and Miller farther conclude with Bohr that the : 
Sp. O. C. varies in the same individual at different times. They quote Ss 
experiments on two cats. In one case, the reduced value for the first 
bleeding was 402, and for two subsequent bleedings 351, and 853;and 
in the other, for a first 351 and a second 353; an interval of a fortnight | 
was allowed to elapse between the two times of drawing blood, and 
the deficiency after the first was made up with isotonic solution. If 
anything, there is a slight fall of Sp. O. but the difference is very small, 
and would not seem to warrant the conclusion drawn from the observa- 
tion. Bohr and Tobiesen have a number of experiments to establish 
the same fact, some by bleeding and some by analysing the arterial and 
venous blood separately. If the variations given by them are examined, 
it will be seen that they are not constant in direction or amount, and 
do not seem to warrant the views which Bohr held, chief among which 
was the view that the Sp. O. C. changed according to the needs of the 
animal. Further the inconstancy of the change was explained by the 
varying tissue wants. According to the same observer, the result was 
brought about by variation of the amount of a, B, , 8 hemoglobin 
respectively. Arguing that a separation of these might to a certain 
extent occur in the corpuscles, Haldane and Lorraine Smitha» 
determined the Sp. O. C. of centrifuged corpuscles, where they found 
variations, but these again were not constant in direction. : 
With reference to the more recent work of Butterfield@ and 
Masing and Siebeck un, which has been carried out with all the 
accuracy that improved spectrophotometric methods would permit, the 
former observer has estimated the constancy of the chemical combination 
of carbon monoxide with hemoglobin from this arguing by analogy for 
oxygen; the amount of hemoglobin was determined by spectrophoto- 
metric methods, and the CO absorbed, as reckoned per gm. of 
hemoglobin, varies from 1°30-1°35 for the various animals; the iron 
content varies from 0326-0342 °/,; the final ratio CO/Fe varies from 
386-428 in 11 cases of pathological condition, and although the average 
399 is remarkable, a variation of 10°/, is large for the limits of the 
average. Again Masing and Siebeck have investigated most carefully 
the ratio of oxygen combined to iron content, but have obtained their 
q final result of Fe: O, by averaging the iron content per gm. of 
q og” ' ™ Ag there was doubt as to whether the figures were calculated for 88° or 0°, reference 
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besmoglobin for a varying number of animals (ox, rabbit, goose, and also 
for man) and taking the mean 0-295 ½ of (0:29-0:30 % their last table, 
whereas their total variation was 0°27-0:30 %. 

The average 0295 % is considerably lower than that of Butterfield 
0'335 % and is explained as being due to difference in coefficients for 
the spectrophotometer. Zinoffsky and others have obtained 034 /, 

The iron average is compared with an average obtained from oxygen 
determinations, which vary from 1-13-1:20 C., and hence the relation 
0, to Fe is found to be that of chemical combination. Although the 
final result is close to the theoretical, approximately 397, the variations, | 
of which the average is taken, are considerable. | 
The absence of satisfactory direct determinations of O, to Fe 
in individual samples of hemoglobin solutions and the difficulty of 
satisfactory correlation of spectrophotometric results make it desirable 
that the work of Bohr and his followers should be done again with 
methods of analysis of iron and oxygen, allowing a much nee degree 


The final technique of the method is described beat ee giving a a full 
account of the last experiment (Exp. 7), with notes as to the develop- 
ment of the means of estimation employed. 

_ Preparation of hemoglobin solution. Defibrinated sheep’s blood was 
collected and centrifuged to remove the serum without delay; the 
corpuscles were reserved and washed twice with isotonic salt solution, in 
order to obtain as pure a suspension of blood corpuscles as was possible’. 
To the corpuscular suspension prepared in this manner was added twice 
its volume of ‘5°/, NH, solution, so that 1 cc. of corpuscles was laked 
by 20. of NH, solution. This solution (A) was centrifuged again to 

remove any unlaked elements or corpuscular débris, which might interfere 
with the oxygen determination. | 


estimating the amounts of oxygen and iron in different portions of the same homogeneous 
hemoglobin solution. 

2. In the Exps. 1 and 2, 9 gm. of the corpuscular suspension was weighed into the 
bottles of the Barcroft and Roberts differential apparatus, which were laked by making 
up to 8 o. with NH, solution; the suspension was similarly weighed, with the due 
precaution of a thorough shaking, into the platinum crucible for iron estimation; in the 
adopted ix the later experiment. 
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Oungen determsnation. The determination of the oxygen was per- 
formed in the Barcroft and Roberts improved differential apparatus um, 
in which the amount of oxygen combined is estimated by removal with 
potassium ‘ferricyanide, A was kept in ice until the estimation upon 
the following day when it was thoroughly shaken with air from ee 
minutes, to obtain as full a saturation as was possible. & 

Owing to the fact that the apparatus constants were 8 
3 ee. respectively in each bottle, amounts of 3 c.c. were measured as 
accurately as was possible with the dense solution into the apparatus 

bottles from a 50 c.c. burette', the whole amount being drawn off without 
levelling between each 8 cc. In all 16 determinations: were made 
(48 c.), two separate pairs for each apparatus. By this means the 
error upon the whole 48 cc. will be small, although that oh each 
estimation may be large for the following reason. 

It was not found possible to read with certainty to more than 1.cc., 
owing to density of solution and the difficulty of avoiding parallax, so 
that the difference between individual amounts placed in the bottles 
might be 2˙9-3˙1 c.c. or 6 ½; an average of the whole 48 c. c. would 
only show a difference of 481-479 c.c. or 577. as an error of measure- 
ment. The total error for thé estimation in the cases where a large 
number have been performed cannot be more than 1˙5% . 

The following table gives the 

Barometer 748 mm. Temp. 15° C. ig 

(Owing to the fact that the amount of gas affected by temperature Ss 
is that in the differential tubes, the temperature taken was that of the 1 
air surrounding the tubes, and not of the water in the bath in which the 1 
bottles were immersed, as this stood at constant temperatare — : 
experiment.) 
Columns I and IT give the differences of pressure in millimetres 
observed for the separate pairs of individual experiments. The bottles 
were washed out between I and IT, and II forms a — new eet 
of observations. 

Column III gives the constant of the apparatus (0). This. is 
eee eee new formula ue, but in addition it has been 


1 "Phe solution vos considered pare, if st this stage there was evidence of complete 
laking, if the solution was of a good colour and showed no opacity. It was never allowed 
to stand for more than 18 hours, in the cold, before detérmination of the blood gases. 
2 This is shown clearly in Table A below. The :separate- estimations have been 
grouped into amounts a, fl, 7, 8, and again into a+, and T . In this manner the 
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found necessary for greater accuracy to recalculate’ the constant for 
each barometric pressure. (In an ordinary blood-gas' experiment this 
is not necessary as ‘the ‘ate ‘not absolute, but comparative) 


4 
4 


TABLE A 
ie 
16 98 91 8708 
19 99°25 98 3509 
1075 106 3927 
24 100° 105°5 
8260 
2-8862 28185 
, Average for 8 0.0. = 3584 b. o. 


is performed as follows,: 


concerned. V however, the volume of the bottle and tubing, varies according to the value 


glove oi)! 
=748 mm. Hg. V=23°25, 
Tosa. 
(2-417 + 8667. 


Columns IV and V give the true amount of gas calculated by 
multiplying Column I by the constant to give Column IV. and 


Column II by the constant to give Column V. 


For the sake of comparison the Columns IV and V have been added 
up in groups to show that the variation of 12 UU of A i ; 


Average for 3 cc. = "3534 C. 
_ Reducing to NM. T. r. = 3298 c.c, 


1 cc. amount of oxygen united with hemoglobin 


= 1099 c.c. O. 
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Reduction Formula}. A simpler method of finding the difference due to stmoepberi 4 

„ 


so that the new value of is (74+ 4 - U). 
is taken to be normal. VFC 


(1 5). 
tn pod 
comes to 
a). 


pls e constant for any given bottle, , v0 that the small changes in the constant due to 
«given change ir in the baremetso can bo allowed for by adding to the constant 
a value “rey + where 4 is the ares of the tubing. 


NB, After un u nob to correct the gas volume for 
The only further correction needed is one for temperature. 


Estimation of iron. After a trial of several methods, the new . 

of estimating iron by titanium salts was adoptedis. An account of 

the preparation of the standard solutions is unnecessary, as complete 
details are given in New Methods of Volumetric Analysisan. 

_ The following general equation represents the reaction 3 

TiCl, + FeCl, = TiCl, + FeCl. 


5 The method is of great value in the estimation of iron in sid 
corpuscles, because the end-point, determined by a saturated solution 
of potassium sulphocyanide, is very clearly defined and is unaffected by 
the presence of chlorides, which interfere with the 1 
titration. 

Exp. 7 was performed in duplicate in the following manner. oe te 

50 Cc. of A were evaporated carefully in a platinum crucible, and | 
cautiously ashed. In order to exclude the possibility of contamination 
with extraneous iron, the evaporation and ashing were carried out 
between two asbestos sheets, the lower of which had a circle cut out of 
the hard asbestos, leaving three arms stretching from its circumference 
to support the crucible. The ashing was carried out at a low temperature 
until the fumes of nitrogenous matter were removed; at ‘this stage the 
eo was transferred to a muffle furnace in which 
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the carbon was burnt off in a current of air at the lowest possible 
temperature’. It is this that constitutes the vital part of the process. 
If the carbon is not completely burnt away, iron will still remain which 
cannot be removed from the carbon by boiling with acids; whereas on 
the other hand, if the ash is heated to a high temperature in removing 
the carbon, the oxide of iron becomes insoluble. In both of these cases, 
the result will be a loss of iron, and consequent raising of the value 
obtained for the ratio’. 
1 In practice, it was found advisable to burn off the greater part of 
bike carbon at a low red heat, and then make a preliminary extract with 
the strong HCl, filtering through an iron- free filter paper to keep back 
unburnt carbon. This filter paper was then transferred to the crucible 
with any remaining carbon to be reheated. By this means it was easier 
to remove the whole of the carbon at a lower temperature. 
When the ashing was carried out in this manner, the iron was easily 
soluble in a small quantity of strong HCl, and was transferred to a flask, 
where it was neutralised with ammonia. In order to oxidise any iron 
that may have become reduced in the process of ashing, one drop of a 
solution of hydrogen peroxide was added at this stage, and the ferric 
solution boiled for ten minutes to destroy any excess of peroxide. When 
cold, the indicator, a saturated solution of potassium sulphocyanide, was 
added in excess of the amount required to produce the deep-red colour- 
ation. The titration was carried out with the titanous chloride solution 
until all the ferric iron was reduced to the ferrous e as indicated 
by loss of colour. 


(a) 7˙75 

% 7.680% | 
(Standardisation of the ‘Cl, was performed for each experiment by titrating against 
10 cc. of a standard solution of ferric iron, containing per o. o. solution “008571 
gms. Fe. 
Three such determinations gave for 10 c.c. of ferric solution, 19-2, 19°25, 19˙2 0. 0. TiCl,. 
Previous determinations had shown 19:2 c.c., which was therefore taken to equal 03571 
gm. Fe.) 


1 In this connection, I should like to express my thanks to Mr C. T. Heycock, 
Director of the Metallurgical Department, Cambridge Chemieal Laboratory. Not only 
did he recommend to me the titanium process, but gave me the assistance of his valuable 
advice throughout the experiments, finally placing the metallurgical muffle furnace at my 
disposal. 

* intereating to note that befor the ae ofthe mofe furnace, the alee obtained 
were sil high, vis. 429, 486, 404, 408, 422. 
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7°75 x 08571 x 100 
19-2 x 50 

| 7°68 x ‘08571 x 100 

” 19°2 x 50 

| Average of 002882) 602800 gms. 


= · 002857 gms. 


Difference under 1 % of the figures. 


‘Ber. VIL- Determination of Ratio, In 1 6.0. of solution 4, Oxygen 1000 
Iron 
1099 


REsvLTs AND DISCUSSION. 


For details of experiments, the reader is referred to the sii. 
The general results will be given here. The iron e were 
always in 


Ox 6 0798 gms. 3983 
Ox 5 82-15 98025 400 
(be experiments 1 and II were carried ont by the original method of ‘weighing 
cat 4 01814 gms. 
1078 (6) 002784 886-7 
Ox 14 110 3592 
9 ‘1146 002869 8870 
Sheep 16 ‘1101 002962 883°1 
Iron estimations. The differences in the two iron determinations 
are, in I and II 2}°/,, in III 5%, IV under 1°/,, V under 1%, VI /, 
VII under 1°/,. 
Therefore in the last five experiments thei iron estimation is probably 
accurate to 1. The two earlier experiments show a difference of 23%, 
so that as the highest is probably more correct, the value should be 
slightly lower. 
The experiments increased in accuracy from I to VII, shat 
experiments being the. most exact. 


It has been previously shown that the error upon the oxygen 


- determinations, where as many as 10-16 have been made, is not more 
than 1%, In those in which fewer estimations were made, the error 
may be slightly greater, but, even when that due to calculation of the 
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constant is taken into consideration, the total gas analysis error cannot 
exceed 2% at the most. The iron estimation for the last five experi- 
ments has been shown to be within 1 %., At a high computation, 
therefore, the total error in the ratio cannot exceed 3 ½ in the last five 
experiments, perhaps slightly more in the first two. Since this 3% has 
to be taken upon either side of the ratio, the figures should not show _ 
a a difference of more than 6°/, between the lowest and highest, that is 
should ‘lie between 389-423, if the true Sp. O. C. = 401, and if the 
hemoglobin’ was pure and fully saturated. 3 
An allowance must be made for oxygen dissolved in the solution 
owing to the high pressures observed in the differential apparatus, 
which has been 
the ratio. | 


‘abulated according to the vatious animals. 


Ox 

2897271898. 
ot = 898-8+1=895, 
Sheep  885°7 

18865. 
Pig =887 +1=388. 
Average of 7 animals = 39271808. 


The obtained for the Sp. O. C. of these four in 
cases lie between 401-385, so that there is a difference of 4% between 
the lowest and highest figures, therefore it is justifiable to average them 
in view of the experimental error of the analysis. Firstly, there are no 
figures above the value required for the theory of chemical combination. 
Secondly, the average 393 is about 2% lower than 400°9 the theoretical 

value. And thirdly, the experiments increased in accuracy, the last 
three being the most satisfactory estimations performed, the last two of 
which gave low results. This may be due either to want of complete 
saturation’, following the ordinary laws of balanced reactions, or to the 
presence of breakdown products in the blood of the normal animal, 
because the iron dissolved in the plasma is too small in amount to 
- affect the determination, if any exists, That methæmoglobin can exist 
in the body during health as the result of various conditions is a well- 
known fact, and it is probable that in this lie the results obtained by 


1 Gare was taken to shake thoroughly, so as to obtain complete saturation, which the 
: ourves of Baroroft and King) show that it is possible to obtain at the temperature at 
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observers upon regeneration. If the infusion of salt solutions into tbe 
arteries and veins was not quite isotonic, there might be some de- 
composition products which had not disappeared before the following 
bleeding. Apart from this conjecture, it must be assumed that the | 
discrepancies obtained by Bohr and others were due to length of a 
oxygen estimation, and to difficulty of completely ashing and estimating ae 
iron. This explanation has been given by Aron, and the presence of 3 
methsemoglobin bands in normal blood observed by Butterfieldao. 
3 The evidence quoted above leaves no grounds for believing that the 
1 Sp. O. C. varies in individuals of different species, different individuals 
a of the same species, or the same individual at different times. From oy 
Bohr's view of the regulation of the oxygen supply to the tissue needs 
this is no longer necessary, because what he considered at first to be 
effected by varying Sp. O. C. has been shown by Bohr, Hasselbach 
and Kroghe» and by Barcroft and Orbelian to be accomplished 
by means of acids. The former observers, by showing the effect of 
carbon di-oxide, and the latter the effect of lactic acid upon the 
dissociation curve of hemoglobin, have given direct evidence of a 
means by which the tissues regulate their oxygen supply. = 
The results of the foregoing experiments justify the conclusion that a 
in the ox, cat, sheep and pig the hemoglobin is identical as regards its 
iron-containing part, Further, since the experiments of Bohra» on the 
hemoglobin of the horse, rabbit, birds and fishes, and of Butterfielda 
and Masing and Siebeck for men and other animals as has been 
seen, give results closely corresponding with the theoretical, taking 
into account the errors inherent in their methods, it may be concluded 
that hemoglobin is identical as regards its iron-containing part through- 
out vertebrates. The fact that the three latter observers, in their 
determinations of the extinction coefficient relations for a variety of 
animals under diseased and healthy conditions, obtained variations only 
between 1°55-1-63, when compared with the similarity of the spectro- 
scopic characters of hemoglobin leads to the additional conclusion that 
this identity applies to all the animals which contain the pigment . 
quoted by Gamgeedo. 
Taken in conjunction with Laidlaw'se experiments, the fact that 
the relation oxygen to iron is chemical would seem to indicate mast 1 
it is to the iron 2 of the molecule that the oxygen is attached. 
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AND CONCLUSIONS, 


The paper deals with a redetermination of the relation of oxygen 
combined with hemoglobin to the iron-containing part of the molecule, 
known as “specific oxygen capacity.” This capacity has been investigated 
in hemoglobin solutions formed by laking washed corpuscles. 

New methods of analysis have been employed, the oxygen capacity 
having been estimated by the differential apparatus, and the iron by the 
titanium method. 

The values obtained are independent of the concentration of hæmo- 
globin and of a knowledge of the absorption coefficient for oxygen, and 
therefore of spectrophotometric results. 

The conclusions are as follows: 

1. In a solution of hemoglobin of the ox, sheep, pig and cat, the 
value obtained for the ratio oxygen to iron is essentially the same and 
agrees within experimental error with the value required upon a hype- 
thesis of chemical combination Fe + O. Fe O. 

2. The ratio does not vary in the same individual at different 
times. 

3. The oxygen is attached to the iron-containing part of the 
molecule as has been argued by Laidlaw and others. 

4. The results obtained by previous observers combined with those 


given in this paper may be taken as showing that hemoglobin, at any 


rateas regards its iron-containing part, is identical throughout vertebrates. 
This conclusion has been reached by Butterfield and Masing and 
Siebeck working with different methods. 


Besides the thanks which I have expressed already to Mr C. T. 
Heycock, Goldsmith Reader in Metallurgy, I should like to express my 
warmest gratitude to Mr Barcroft for his kind help throughout the 
research, both for recommending the subject to me, and for help in the 
; oxygen estimation, several determinations of which he has done himself 
in person. My thanks are also due to Dr Hopkins for much helpful 
criticism. 
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washed twice with isotonic salt solution, and either as in I and II the corpuscles kept and 


weighed, or as in the remainder, „ e 
and then again centrifuged. 
Exp. VII has been described in detail in the text. 


Exp. I. blood. Defibrinated. Bar. 76.8. 


Bottle mm. observed Ooustat Weicht in bottle In 100 Um. 

8 3828 806 gm. 33°96 0. 0. 

15 60˙5 3859 700 (60 88°38 

3452 871 (7) 32-12 Average 

3485 570 (8) 82°36 %. 

15 62 3615 "658 (7) FW 
16 61˙8 3656. 690 82°59 
Reducing to N. T. P. 31°39 0. 6. O, in 100 gms. sol. 


Iron estimation. (0887/1 gm. Fe=19-8'c.c. TiC], .) 
* 25-974 gas, shed in Pt eruciblerequited ot Til, soln. 11°8 gm. 
78 gms, ” ” 11°15 ,, 
Average in 100 ¢.c,= "0798 gm. Fe. 
| „ Ratio 898.38. 
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Oxygen estimation. 


Bottle mm. observed 
19 60 3524 
20 BBS 3558 
„„ 3679 
16 BBS 8721 
8908 


ur. II. e Corpusoular suspension weighed. Bar. 744. 28 


Weicht in bottle 
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In 100%. 
84°45 0. o. 


Reduced to N. T. P. 89:15 c.c. O, in 100 gms. 


Iron estimation. (08571 gm. Fe 19˙2 ¢.c. TiC), .) 
(a) 25°86 (8) gms, ashed in Pt crucible required of TiCl, 11-0 c.©. In 100 gms. 0791. gm. Fe. 


11˙3 


_ Average 08025 gm. . pet 100 gms. suspension. 
Ratio = 400. 


906141 „ 


‘Exp. Cat. Inka with tvioevolame of ammonia and 
centrifuged again. Blood was taken from two cats which were pithed. 


Oxygen estimation. Bar. 751-5 mm. Temp. 15° C. 


Bottle mm Constant Amountofsoln, In soln. 
19 54% 5 2288 
20 3527 3°05 2820 Average 
62 8 2264 286 in 3 0.0. 
16 61˙5 3693 8 

In 1 0,60. 07619 (6) ¢.c. Reduced for N. T. P. 07541 ¢.0. O, 

Iron estimation. (08671 gm. Fe- 192 0.0. 


Whenee Fe. Difference ="5 %. 
Ratio =393°8, 


This experiment was the last of three experiments upon cats. The first two were done 
by the former method, and the corpuscles were not properly laked, the solution appearing 
opaque; the values of 371 and 881 were obtained in these two experiments, but were dis- 
| credited owing to lakng, nd the above method adopted forthe third, which 
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Eur. IV. Sheep. Bar. 767. Temp. 17 C. By later method of laking in bulk with 
Oxygen estimation. (Three separate sets of estimations.) : 
Bottle First Second (a) 05) 
15 90 98 98°75 8600. 8651 ° 3564 35989 3528 \ Average 
16 «9225 91˙5 92˙5 3648 8691 8861 3852 334 for 8 0. 0. 
19 965 os 95-25 - $486 3492 38816 38266 (8196) 890 o. 
20 965 985 97 3472 8526 3351 ‘8358 3420 O;. 


in Constants. Amounts of ga resent in 
mm, o in differ- 8 0.0. by mul- 


Constante. Ole constant calculated for 767, ¥ which multiplied by First and Second 
gives (a) and (e) respectively. 
| 0% =constant calenlated for 753, which was height of barometer on the next day, 
when the ‘ 


Third and the whole by 767 — obtain uniformity. 


N. B. 3196 is 
Reduced for N. T. P. 0.0. becomes 6.04, 
1078 (6) 6.6. O, | 
estimation, (-08571 gm. Fe=19-2 TiCl,.) 
Two parallel amounts of 70 b. o. were evaporated and ashed. : 
Diff.=1%. 
10°5 c. o. 

In 1 ec. 002771 

Average = 002784 gm. 


Err. V. As in text. Oz. Blood Laked solution 
was analysed. Bar. 767. Temp. 17 C. 

Oaygen estimation. 

different days, but the whole have been reduced finally in the last columns to 767 mm. 
16th= 750 mm. Hg. 

Caf, Cy, and CG constants used for each set of readings respectively; to n 


g. v. has alao been multiplied by and by 


Readings 0.6. 0, in 8 6,0. solution 

16 4 106 100˙5 10325 8600 8681 8660 3884 3708 8881 8680 
16 — — 92 8648 8691 8701 — 8488 
19 
20 


99°5 97°25 108 100° 8488 8492 8502 3421 3844 -3602 +8441 
95˙5 1005 1025 101 3472 8526 3536 3316 3489 3334 8492 
The average of these 14 results=-8479 Reduced to N. T.P. 5806 6. o. O, | 
In 1 c. o. solution 1102 ¢,c. O. 
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Iron estimation. (08571 gm. Fe=19-9 0.0, TiCl,.) | 
Two parallel amounts of 70 .c. were evaporated and ashed. 
| Required of TiCl, respectively 10-38 
10-41 
10.0, solution contained 002752 gm. 
e respectively. vit. under 1%. 
Average for 1 ¢.0.=-002767 gms. Fe. 
‘Ration 8982. 


Exp. VI. Pig. Blood ebllected 8 o'clock. permed on 
at 6 o'clock, Centrifuged after laking with NH,. 
Orypen estimation. Bar. 769. Temp. 17 C. 


Bottle Diff. in pressure Constant Onygen n. 
3601 865 
16 1085 3641 8768 
28 110°5 8267 3609 28609 (6). 
24 10775 3267 3520 
28 3400 3638 
30 1180 3118 8524 
81 114'25 3199 8664 ſ 


In 1 0. 1146 c. c. O. 


Tron estimation. (088 71 gm. Fe=19'2 ¢.0.) 
Thay required respectively of 6-08 c.c. }. 
7°92 0.0. 
10. o. solution contains 002978 0 
ene Fe Diff.=1 
000008 gm. Fe. 
rejected, as it was omitted to centrifuge after laking, and a sediment was observed at the 
conclusion of the experiment, the result working out ee ee 
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THE RELATION BETWEEN OXIDASE AND TISSUE ae 


RESPIRATION. By H. M VERNON. 


(From the Physiological Laboratory, Ouford.) 


In previous papers' I have described the effect of various 1 on 
the gaseous metabolism of freshly excised mammalian kidneys which 
were perfused with oxygenated Ringer's solution. I have now investi- 
gated the effect of similar conditions on the oxidase content of kidneys 
and other organs, in order to see whether the respiratory changes of the 
tissues are accompanied by changes in their oxidising power. The 
oxidase was estimated quantitatively by the method previously described’. 
It consists in allowing 5 gm. of the well chopped tissue to act for 
an hour on 5 c.c. of a M/150 solution of a-naphthol and para-phenylene 
diamine in a Petri dish at about 17°, and estimating the — 
formed colourimetrically after extraction with alcohol. | 


If a kidney is perfused with oxygenated Ringer's solution at about 
17°, its CO, output—measured by boiling off the gases from the 
_ perfused liquid in vacuo and analysing them—is observed to fall rapidly _ 
during the first few hours. It then falls more and more slowly, and 
after 12 hours’ continuous perfusion it has sunk from the initial value 
of 177 cc. per hour per kgm. down to about 70 c.. This rapid falling f 
off does not necessarily imply the death of the kidney cells, for I found’ 8 


that the CO, output of the beating tortoise heart deteriorated not much 1 
less rapidly, in spite of its continued vitality. Whatever the loss of 5 
respiratory power be due to, it is not accompanied by any diminution in ai 
the oxidase content of the kidney tissues. In determining this point, a 3 
freahly excised rabbit's kidney was perfused for 11 or 12 hours with a 

1 Vernon. This Journal, xxxv. p. 58. 1906; XXXVI. p. 81. 1907; XXXIX. p. 149. 1900. 9 
2 Vernon. Ibid. IAI. p. 402. 1911; xum. 1911. 

Vernon. Ibid. xu. p. 295. 1010. 
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oxygenated Ringer’s solution. Next morning it was cut up in slices 
which were allowed to dry for an hour between layers of blotting paper. 
The pieces were weighed, so as to allow for the small increase in weight 
produced by the perfusion, in calculating the oxidase content. They 
were then ‘5 gm. sample 


Kidneys perfused 14 hrs. at 1767 19, 25 Nil 
Kidney perfused 11 hrs. at 17° „ Nil 

„ 23 20 


The data in the table show that normal unperfused kidneys on an 
average oxidised 24 / of the naphthol + diamine to indophenol in an 
hour. This is a larger value than that previously obtained 483 %, 
but this may be due to the present experiments being made in the 
winter on small rabbits, whilst the previous ones were made in the 
spring and summer on large ones. Kidneys perfused at 17° for 1} or 
11 hours formed 223% of indophenol on an average, whilst those 
perfused for 11 or 12 hours at 30° or 35° formed 23°5°/,. In performing 
these latter experiments the kidney was suspended in a bath of saline - 
at the same temperature as the perfusing liquid. The perfusion was 
purposely stopped two or three times for a few minutes, as I had 
previously found that under guch treatment the kidney cells undergo a 
good deal of disintegration, and a large amount of their protein becomes 
washed out in the perfusion liquid. This protein was estimated 
quantitatively by a colourimetric method dependent on the biuret test“, 
and amounted in one experiment to 16°/, of the total tissue protein 
present in the kidney, and in the other experiment to no less than 28 % 
of it, Yet this great tissue breakdown had no effect whatever on the 
oxidase content of the remaining kidney tissue, and this in spite of the 
fact that no allowance was made for the loss in weight sustained; i.. 
the weight of kidney tissue allowed to act on the naphthol + diamine in 
the latter experiment was really 36 gm. instead of the usual 5 gm. 1 
had likewise found that such tissue disintegration has apperently no 

influence on the gaseous metabolism of the kidney. 

If the perfusion rate be kept sufficiently rapid to afford an . 
oxygen supply to the kidney tissue, it probably undergoes little if any 


Vernon, f 1907 ; also This Journal, 
1906. 
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disintegration. Almost all of the blood and lymph protein is washed 


out in the first 15 minutes, but a very small quantity of protein 
continues to be removed during the remainder of the perfusion. In 


that it is practically constant in amount it is assumed to be lymph 


protein, and in calculating the “tissue protein it was deducted from 
the total found. 


1 had found that if a fresh kidney were kept in saline solution for 


half an hour at a temperature of 47° to 60°, and were then perfused 
with oxygenated Ringer's solution, it showed a considerable depreciation 
of respiratory power. The actual CO, output during the first hour or 
two hour period of perfusion after the heating is given in the table, and 
the data show that it ranged from 133 c.c. per hour per kgm. in a kidney 
heated to 47°, down to 16 c.c, in one heated to 55°. The average CO, 
output of fresh unheated kidneys during a similar perfusion period was 
168 c.c. 
The indophenol oxidase of the kidney proved to be extremely 
thermo-labile, as it is destroyed by high temperature to about the same 
extent as the gaseous metabolism. The first set of values given in the 
table was obtained by putting segments of kidney in very small corked 
test tubes, which were kept in a water bath at approximately the desired 
temperature for half an hour. These segments were then chopped up, 
and their oxidase estimated. The figures indicate that at 47° and 50° 


the oxidase suffered less destruction than the tissue respiration had 


for half an hour hour per kgm. test tubes saline in saline 
Normal 168 ¢.c. 24 24 24 
47° 138 24 18 — 
69 16 11 
— 5°6 — — 
53°, 42 89 18 46 
55° 16 43 ‘1 4˙⁰ 
60° 27 -11 10 10 


done, but at 53° it was about the same, After heating to 60°, the 
kidney tissue apparently contained no oxidase, and it even prevented 
the naphthol + diamine to which it was added from oxidising as fast as 
it did spontaneously in the control. The reason of this is that when 


only small amounts of oxidase are present, their action is masked by the 
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counter activity of the reducing bodies which are always found in all 
tissues. The somewhat large CO, output observed in the kidney 
heated to 60° is misleading, as in the later stages of its perfusion 
this kidney had a very much smaller gaseous metabolism than the one 
heated to 55°. 
The last two columns of she. table show the oxidase content of 
kidneys which were kept intact for half an hour in hot saline. They 
were weighed before and after, and the small gain in weight exhibited 
by them allowed for. The first series of data, obtained with kidneys 
; weighing about 3 gm., show very much more destruction of oxidase than 
the previous series, but those in the second series, obtained with kidneys 
weighing 7 to 8 gm., show rather less destruction than they do. The 
explanation of this is that the larger kidneys do not so quickly attain 
the temperature of the bath, whilst the smaller ones must have 
attained it more quickly than the segments of kidney placed in test 
tubes. A 1 gm. kidney kept for half an hour at 50° showed an oxidase. 
value of only 6:0. 

The kidneys used in the respiration experiments weighed from 6 to 
8 gm., and so their CO, output values are best compared with the 
oxidase values given in the last column of the table. On the whole the 
results show that high temperature destroys the oxidase to about the 
same extent as the gaseous metabolism, but no absolute quantitative 
comparison is possible because the oxidase values have been subjected 
to an unknown deduction by reason of the reducing bodies present in 
the tissues. Probably the amount of oxidase so neutralised is not large, 
but im any case it is more than enough to invalidate the results Wunden 
with kidneys heated to 60˙. 

Tt might be thought that the simplest way of avoiding the great 
differences in oxidase destruction observed on heating kidneys of 
different size to the same temperature would be to heat them in the 
saline until they attained to an equilibrium point of oxidase destruction. 
But this is not possible. On heating kidney segments to 52°, for 
instance, the oxidase value after 15 min. heating was 14; after 30 min. 
it was 5°6; after 60 min., 9; and after 120 min., 1 O0. Hence equili- 
brium was reached in 60 min. At 50°, on the other hand, the oxidase 
value was 20 after 15 min. heating; 16 after 30 min.; 9°6 after 60 min., 
and 48 after 120 min., or equilibrium was probably not reached 
even in the two hours. In fact if a kidney were only heated long 
enough to 50° it seems 2 8 50 that its — content would e 
sink to zero. 
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| Kidney oxidase is not peculiar in its thermo-lability, for the 3 

of the other tissues investigated behaved in similar fashion. The 
accompanying data were obtained by keeping segments of the organs in 
small corked test tubes for half an hour at the various temperatures, as 


in the first series of kidney experiments. The figures show that heart 
muscle oxidase suffered no destruction till a temperature of 51°, and 


half an 10 Heart Brain 
54, 55, 60 19, 16 9, 6, 8, 9 
50° 60 16 3°8 
51° 42 — 
aa 80 16 — 
53° 10 24 


brain oxidase little or none till a temperature of 58°. On the mae : 


hand liver oxidase seemed to undergo a considerable destruction at 50°, 


and an almost complete one at 53°. But probably this apparently . 


r sensitiveness is largely due to the liver being much poorer in 
oxidase than the heart and brain, whilst at the same time it is richer in 


reducing substances. Hence a destruction of perhaps two-thirds of its 
total oxidase might result in a negative oxidase value, whilst the 


destruction of nine-tenths of the oxidase in the very active cardiac 

muscle might still allow of a positive oxidase value. However, one can 

definitely conclude that in all the tissues examined most of the 

555. 


The influence of a number of acids, alkalis and other poisons upon 


the respiration of the kidney had been investigated by first perfusing a 


rabbit's kidney for 15 minutes to wash out the blood and lymph: then 
perfusing it for half an hour at room temperature with oxygenated 
Ringer's solution containing the poison under examination: washing 


out this poison by half an hour's perfusion with fresh oxygenated — 


Ringer’s solution, and then measuring its gaseous metabolism during 


the next ten hours or so by the usual method. I have now repeated 


many of these perfusion experiments, with the difference that after the 


half hour's poisoning and subsequent half hour’s washing out of the 
— I have cut the kidney i in slices, dried them for an hour between 
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layers of booting paper, weighed them to determine the change in 
weight produced by the perfusion, and then estimated the oxidase — 
present in a finely chopped sample. As can be seen from the data in the 
last column of the table, the kidneys always increased in weight as the 
result of perfusion, those poisoned with ammonia - methylamine 
— the most affected. | 


of oxidase % of tissue 


— (washed) washed.out weight 
Laetie acid 03 % — — — 77 — — 

1 6 9 1-21 

* 2 54 83 ~5 8 1-19 
16 12 — — 
Nitrio acid 03 % (19) 0 18 5 11 
— 74 22 12 104 
1 — 30 105 
Ammonia 06 / 38 — 75 — — — 
109 — — 68 14 1°39 
Methylamine 025°, 70 89 77 9 

05 38 43 1:38 
* ‘1 11 82 — 82 1°42 


| “The oxidase values obtained are given in the third column of the 
table as percentages on the mean oxidase value of normal kidneys (viz. 
24). The second column gives the CO, output during the first perfusion 
period immediately after the washing out of the poison, as a percentage 
on that of unpoisoned kidneys at approximately the same period 
(viz. 130 c.c. per hour during the 11—24 hr. period). On comparing 
these two sets of percentage values, it will be seen that 2 to 4% of 
lactic acid apparently had more destructive effect on the oxidasic power 
of the kidneys than upon their respiratory power. Allowing for the 
fact that a small part of the oxidasic power is masked by the reducing 
substances present, one may conclude that in all probability it is 
destroyed by lactic acid to about the same extent as the respiratory 
power. Nitric acid, on the other hand, seems to act much less 
destructively on oxidase than on respiration, but the data are not 
altogether comparable, as the acid used in the respiration experiments 
contained nitrous acid as well as nitric. In any case it is rather 
remarkable that a mineral acid like nitric acid is not much more 
destructive on the tissue oxidase than lactic acid, though at the concen- 
trations employed it is about fifteen times more ionised. Upon tissue 
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respiration I found the mineral acid to be about ten times more active 
than the organic acid. It should be mentioned that in the experiments 
with acids the acid saline perfused did not contain the usual 01% 
NaHCO,, though ordinary oxygenated Ringer's solution (containing 


9% NaCl, 024% CaCl,, 021 / KCl, and 01% ae was used | 


for the subsequent washing out of the Poison. N 

Of the alkalis investigated, ammonia resembles nitric acid in having 
a much more destructive effect on respiration than on oxidase. Per- 
fusion with 025 % NH, reduced the respiration to 56 °/, the normal, so 
probably 015 ½, or less would have reduced it by about the same 
amount as 1% NH, reduced the oxidasic power. Methylamine, on 
the other hand, resembles lactic acid in that it acted almost as 
destructively on oxidase as on respiration. It is a more powerful base 
than ‘ammonia, the percentage concentrations given in the table having 
about twice the electrical conductivity of the same concentrations vot 
ammonia. 

In addition to the perfusion experiments, the action of the poisons 
on the oxidase of minced kidney tissue was investigated. Half gram 
samples of freshly chopped kidney were well stirred up in the Petri 
dishes with 20 C.. of saline containing the poison under examination. 
Half an hour later, most of the supernatant liquid was carefully pipetted 
off from the particles of kidney tissue, and the dishes were stood on 
edge for another half hour so as to allow the remaining liquid to drain 
down to one side. This was pipetted off as it collected, and final traces 


of liquid were removed with blotting paper. The pipetted liquid was 


milky owing to its holding in suspension some of the finer particles of 
kidney tiseue; and as is shown by data quoted in a subsequent section, 
removal of the saline and of its contained particles reduces the oxidasic 
power of the kidney tissue to about 76 ½ of its original value. Any 


reduction greater than this amount is due to the action of the poison on 


the oxidase. A second washing with saline causes no further reduction 
of activity, so in many of the experiments most of the poison-containing 
_ saline was pipetted off, 20 C. of fresh saline were added and stirred up 
with the tissue, and 5 to 10 minutes later pipetted off as before. The 


oxidasic values of such washed and unwashed kidney tissues after half 


an hours poisoning are given in separate columns of the above table. 
They are percentages on the oxidase value of saline-washed kidney; . 
on a value of 18.3. 

On comparing the corresponding data in the two columns, it will be 
seen that little or no effect was produced by washing out the poison 
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from the kidney tissue. On comparing the data with those obtained 
by perfusing intact kidneys with poison-containing saline, it will be 
seen that in every case the destructive effect on the oxidase of the 


minced kidney was greater. Thus 06 °/, lactic acid destroyed about as 
much oxidase in the minced kidney as 1% did in the intact kidney; 
03 % é nitric acid destroyed more oxidase in the minced kidney than 
1% did in the intact kidney; and ‘05°/, ammonia destroyed as much 
oxidase in the minced kidney as 1% did in the intact kidney. 
Methylamine, in the smaller concentrations, was not much more destruc- 
tive on the minced kidney than on the intact, but 1 ‘fe oo 
acted in accordance with expectation. 
The perfusion of kidneys with poisons often causes much 3 

tion of the kidney cells, and a removal of tissue protein by the perfusing 
liquid. To estimate this, the method above mentioned was applied to 


the saline perfused during the half hour's poisoning, and the subsequent 
half hour's washing out of the poison. The small amount due to lymph 


protein was deducted, and the values then obtained are given in the 


last column but one of the above table as percentages on the total 


tissue protein present in the kidney. From these values it will be seen 


that the lower concentrations of lactic and nitric acids provoked very 


little disintegration, but that 3 % lactic acid caused 7% of the total 
tissue protein to be washed out. Alkalis caused a very much larger 
protein separation, that effected by ammonia being 15% on an average, 
and that by methylamine ranging from 9% to 32°/,. In spite of the 
tremendous disruption of cell constituents produced by 1% methylamine, 
kidneys poisoned with this concentration of the alkali still retained 
some of their power, a their oxidasic 
power. 


Of the five other poisons investigated, three had comparatively little 


action on the oxidase of the kidney, though they greatly reduced its 


respiratory power. All concentrations of mercuric chloride from 01 /. 
up to 4% had been found to act to about the same extent on the 
respiration, and on an average they reduced the CO, output to 28% its 


normal value. On the Other hand perfusion with 1 or 2% mercuric 
chloride had scarcely any effect on the oxidase, but 4% reduced it to 


57% the normal. 
Neither 1 nor 1˙5 % sodium fluoride had practically any 3 on 
the kidney oxidase, but this isnot to be wondered at, as the depressant — 
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effect of the fluoride on the respiration is as a rule only temporary, and 
does not imply any actual destruction of respiratory mechanism. During 


the first two hours after poisoning with 1°/, NaF the CO, output was 
reduced to about 37 % the normal, en | 


perfusion it reached the normal again. 


„ n 


1-25 


Phenol °5 


28 8 888 


8888888888 


Formaldehyde poisoning had been found to reduce the respiratory 


power of the kidney considerably, and in four of the experiments made 
(viz. with 05, 1, ‘2 and 5 % formaldehyde) this reduction was permanent, 
whilst in the other four (with 15, 2, 2 and 3% formaldehyde) it was 
followed by gradual recovery, though not quite to the normal. Upon 
the oxidase of intact kidneys 3% or less of formaldehyde had no effect 


whatever, whilst 5 % reduced it to 60°/, the normal. In the corre- _ 


sponding experiment on tissue respiration, the formaldehyde reduced 
the CO, output permanently to 8°/, the normal, so the poison evidently 
acts much more destructively on respiration than on oxidase, _ 

I found that saline a quarter saturated with chloroform (roughly 
a 1 in 800 solution) has no destructive effect on the respiration of the 


kidney, whilst double this chloroform concentration reduced it to about 


a fifth the normal. Saline saturated with chloroform might be expected 


to reduce it nearly to zero, but in the actual experiment recorded in my 


previous paper it reduced it only to a third the normal. The probable 


explanation of this exceptional result is that the chloroform saline was 


not perfused sufficiently rapidly to saturate the kidney tissues up to the 
concentration in the perfusing liquid, for a repetition uf the experiment 


with a more rapid perfusion rate gave the considerably lower value 
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even more than the respiratory power by the saturated chloroform 
saline. Half saturated chloroform saline, on the other hand, acted very 
much less destructively on the oxidase than it had done on respiration. 

Phenol, the remaining poison investigated, had no influence at all on 
the oxidase when in 5 "ls strength, but double this concentration acted 
almost as destructively as it had been found to do on the respiration. 

The action of these five poisons on the oxidase of minced kidney was 
as a rule greater than upon the oxidase of intact kidney, though the 
difference was not so marked as that observed with acids and alkalis. 
Exeluding sodium fluoride, which was practically without effect on 
either minced or unminced kidney, we see that in two out of the three 
mereurie chloride experiments minced kidney was much more affected 
than intact kidney, and in one of the chloroform experiments it was 
much more affected, whilst in the other two minced and unminced 
kidney reacted to about the same extent. The 1% phenol saline 
proved much more destructive on minced kidney than on unminced, 
and formaldehyde showed a still greater difference in its action, especially 
when the poison was not washed away from the kidney substance before 
the addition of the naphthol + diamine. Control experiments showed 
that this was due partly to the direct retardation which the small 
quantities of mechanically retained formaldehyde exert on the rate of 
indophenol formation; but probably some of the formaldehyde enters 
with the kidney tissue, as there is a greater and 
greater recovery of oxidasic power the longer the tissue is washed. 
After poisoning with 5% formaldehyde, followed by 5 minutes’ washing 
with saline, the oxidasic power in two experiments amounted to 37 
and 43 */,; after 30 minutes’ washing it amounted to 57 and 50% 
respectively; and after two hours’ washing, to 60 and 50% respectively. 
The recovery of the respiratory power of intact kidneys on washing out 
the formaldehyde with which they have been poisoned is much slower 
than the recovery of oxidasic power in minced kidney, so the two 
phenomena may not be related to one another. Still the similarity of 
the response to washing is suggestive. 

The disintegrative effect of the five poisons under discussion upon 
the kidney tissues varies enormously. Sodium fluoride and formaldehyde 
caused no protein whatever to break away, whilst mercuric chloride had 
only a small influence. Chloroform, on the other hand, if sufficiently 
concentrated causes a tremendous disintegration, and the rapid stream 
of saturated chloroform saline driven through one kidney (190 cc. 
BZF whilst the 
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saline perfused during the succeeding 30 minutes removed 22% more 

of it, or altogether no less than 51 / of the total protein of the 8 
tissues was washed out in an hour. In spite of this, they still retained 
a smdfl amount of oxidasic power. The 1°/, phenol saline caused more 


disintegration than any except chloroform, 


ammonis. 


As a rule, the greater the tissue disintegration produced by a poison, 


the greater its destructive influence on the oxidase of intact kidneys. 
Thus sodium fluoride and formaldehyde caused no tissue disintegration, 


and likewise had very little influence on the oxidase. Mercurio chloride 


caused slight disintegration, and destroyed a small amount of oxidase. 
Lactic and nitric acids caused i increasing disintegration with increasing 
concentrations, and likewise destroyed increasing amounts of oxidase. 
A similar parallel was observed in the chloroform experiments, the 
saturated chloroform saline causing more tissue disintegration and a 


greater destruction of oxidase than any other poison investigated. 


Again, 1% phenol caused great tissue disintegration and great de- 


struction of oxidase. The only real exceptions to the parallel were the 


results obtained with alkalis, Ammonia (1 % caused 15 % of the 
tissue protein to break away, but destroyed only 25 % of the oxidase, 
whilst 025 %% methylamine caused 9°/, of the to 
* — only 11% of the oxidase. : 


} The insolubility of indophenol owidase. 


\ It was stated above that the oxidasic power of e 3 tissue 
after washing with saline is 24 % less than that of unwashed kidney 


tissue. This reduction suggests that the oxidase is to some extent 


soluble in the saline. To test the point further, 5 gm. samples of 
minced kidney were mixed in the Petri dishes with 20 cc. of Ringer's 
solution, and left at room temperature (about 14° to 17°) for periods 


ranging from half an hour to 118 hours. The saline was then removed 


in the usual way, and the oxidasic power of the kidney tissue determined. 
Within the limits of experimental error, the values obtained are constant 
for the first 71 hours, or none of the oxidase could have passed into 
solution after the first half hour. Similar determinations made on 


minced cardiac muscle show practical constancy of oxidasic power for 
the first 47 hours’ extraction with saline, whilst those made on liver 


show constancy for 71 hours. The average cardiac muscle value is 


that of unextracted the liver value 89% 
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on that of unextracted liver, or the reduction effected by extraction is 
apparently rather variable. However, the individual determinations 
were made at different times on different samples of the tissues, and 
though as a rule the oxidasic power of the unextracted tissue was 
also determined, so as to afford a basis of comparison, some error is 
introduced by the variation in the activity of different samples. The 
liver values were the most variable, and consequently are the least 
reliable. Hence one cannot definitely conclude that extraction with 
= has cifferent effects on different tissues. 
| Meanvalue Duration of washing 
fbr. bra hrs ben hr hr H be 118 


„ 720 0.0. water 
Heart 4 20 0,0, Ringer 56 89 40 87 41 48 38 $2 — 
„ $20 6.0. water 3636 59 46 #47 46 24 28 — 
Liver 0 Ringer 70 6566 62 — 70 — 836 — 
70 G., water 64 68 — 49 #16 #18 — 


Similar sets of determinations were made in which the tissues were 
extracted with 20 c.c. of distilled water, and we see that short periods 
of such extraction hardly lowered the oxidasic power at all. The value 
obtained after half an hour's extraction of minced kidney is 92% the 
normal, and those after half an hour and three hours’ extraction of heart 
muscle are equal to or greater than the normal. But after that the 
oxidasic power deteriorated somewhat rapidly, though not very regularly. 
In the later stages this was due, at least in part, to the onset of 
putrefaction, but the sudden fall in the oxidasic power both of kidney 
and heart muscle between the third and fourteenth hours can scarcely 
be due to this cause. Taking these observations in conjunction with 
the former series, I think we may conclude that indophenol oxidase is 
quite insoluble in water or dilute saline solution. The immediate 
reduction of value produced by extraction with saline may be due to 
removal of some soluble tissue constituent which enhances the activity 
of the oxidase, but any real solubility of the oxidase itself is very 
improbable, Additional evidence to support this view is found in the 
ast that a second extraction of the tissue with saline, or the addition 
of 40 or 60 c.c. of saline instead of 20 d., made no difference. Also we 
saw that perfusion of a kidney for 12 hours at 35° might remove ‘ee 7 
of the tissue protein, and have no influence on the oxidase. 
The slower deterioration of the oxidase of tissues kept in saline thes 
of those kept in water must have been due in part to the slower onset 
5 but the oxidasic * of the saline-kept tissues did not 
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by any means begin to deteriorate directly a putrefactive smell was | 
perceptible. The resistance of indophenol oxidase to putrefaction is 


considerable, and is well shown by some observations made on intact 
kidneys. These were kept in a moist chamber for five to nine days at 
room temperature, and were then chopped up and tested. The kidney 


kept five days had an oxidase value 78°/, the normal; that kept seven 
days, a value 70°/, the normal, and that kept for nine dani a value 39% 
the normal. This last kidney had a very strong putrefactive smell. 


Observations previously recorded on the gaseous metabolism of kept 


kidneys show a much more marked deterioration. After keeping for 
one day, there was little if any loss of CO, output, but after a 


three days it was only 26 % the normal: after five days, 13 J the 
normal, and after nine days, 11°/, the normal. 


It might be thought that the above evidence as to the insolubility | 
of indophenol oxidase is at variance with the results of previous 


investigators on animal oxidases, but probably this is not the case. 
Most of these results concern the conversion of salicylaldehyde into 
salicylic acid, and they were obtained with suspensions of various 
minced animal tissues in water or saline, and not with clear filtrates. 
Also Battelli and Stern’ state that the aldehydase responsible for 


this conversion is not an oxidase at all, but a hydrolytic enzyme which 
splits up the salicylaldehyde into equal molecules of salicylic acid and 
saligenin. They have themselves described several different oxidases 


in animal tissues. That which oxidises succinic acid“ is an insoluble 


body which takes up molecular oxygen and converts the acid into malic 
acid, An alcohol oxidase which oxidises ethyl alcohol to aldehyde and 


acetic acid is said by them, incidentally, to be a soluble enzyme’, but I 


can find no evidence of such solubility in the results described in their 
chief paper‘. In another paper’ a soluble uricase enzyme is described, 
which takes up molecular oxygen from the air and oxidises uric acid to 


allantoin and CO, The action of this enzyme is not hastened by the 
addition of a peroxide, so it is not comparable to the oxygenase + 
peroxidase enzymes described by Bach, Chodat and other investigators 


in plants. These enzymes are undoubtedly to some extent 2 2 


1 Battelli and Stern. Biochem. Ztech. XII. p. 130. 1910, 
° *Battelliand Stern. Ibid. xxx, p. 172. 1910. 

5 Battelliand Stern. Ibid, XXI. p. 501. 1911. 
Battelliand Stern. Ibid, p. 145. 1910. 

5 Battelliand Stern, Ibid. Xxx. p. 219. 1909, 


Of. Pohl, Arch. J. exp. Path, xxxvim. p. 65. 1897. Blowtzoff, f. physiol. 
‘Chem. 997. 1900. 1908. 
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probably they are of a very different nature from animal oxidases. Miss 
Wheldale? suggests that the so-called oxygenase is really pyrocatechin, 
a substance which rapidly oxidises on exposure to air. It forms an 
organic peroxide, the oxygen of which can be transferred to guiaconic 
acid and other oxidisable bodies by the aid of the universally present 
peroxidase enzyme. Miss Wheldale finds that the plants which give 
the direct guiaconic acid reaction (i. e. oxidation without the addition of 
hydrogen peroxide) are peculiar to certain genera, and all the members 
of these genera, so far as she has examined them, contain pyrocatechin 
in their tissues. In the members of other genera which do not give 
the direct guiaconic reaction, no pyrocatechin could be detected. 
In the few experiments which I have made with vegetable tissues, 
I have found that their course of action upon naphthol + diamine differs 
considerably from that of animal tissues. Small quantities of finely 
chopped potato have a more vigorous action on the reagent than 
the most active animal tissue (heart muscle), but with increasing 
amounts of potato there is very little increase of oxidation, and finally 
there is a decrease. For instance, 05 gm. of potato, added to 5 co. of 
reagent, oxidised 14% of it in an hour; 10 gm. oxidised 22 % ͤ but 
‘20 gm. oxidised 25 %, and 40 gm. only 22°/,. Again, the rate of 
oxidation is not nearly so much affected: by the concentration of te | 


1 to Chodat and Bach, the oxygenase of vegetable tissues 
is an ehzyme which takes up molecular oxygen and transfers it to certain 
organié substances and thereby converts them into peroxides. The 
oxygen of these peroxides can be transferred to easily oxidisable 
‘substances by the help of the peroxidase enzyme, which accordingly 
plays the part of activator. Kastle and Loe venhart“ and Moore and 
Whitley*® maintain that there is no adequate proof of the enzymic 
nature of oxygenase, and suggest that this oxygenase consists merely of 
suitable organic substances which take up molecular oxygen to form 
peroxides. My observations distinctly uphold the enzymic nature of 
the oxygenase in animal tissues, but indicate that so far as the indophenol 
feaction is concerned it is the activator (peroxidase) which is not a true 
enzyme. 
Wheldale. Proc. Roy. Soc, B, 181. 1911, 


2 Kastle and Loevenhart. Amer. Chem. Journ. xxv. p. 589. 1902, 
2 Moore and Whitley. Biochem. Journ. rv, p. 186. 1909. 8 
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164 VERNON. 
In order to differentiate between oxygenase and 3 various 


tissues were heated for half an hour or more to temperatures ranging 
from 55° to 100°, whereby all or nearly all of their direct oxidising — 


power on naphthol + diamine was destroyed, but little or none of their 
indirect power. Immediately after mixing 5 gm. of the chopped up 


tissue with 5 cc, of the naphthol + diamine, volumes of hydrogen 
peroxide (Merck’s pure 30% ranging from 002 to 16 cc. were added 


and well stirred up, and an hour later the — formed was 
estimated in the usual way. 
Liver gave the most striking and instructive results, as it is a tissue 


poor in oxygenase but rich in peroxidase, and also in catalase, the enzyme 


which decom poses hydrogen peroxide. The chief data obtained with it 
are given in the table. From the second column we see that the 
addition of small quantities of H, O, to fresh liver slightly raised its 
indophenol formation above the normal (60 °/, in this series), whilst 
‘0l cc. or more doubled it. Liver heated to 55° gave a. negative 
n value of 20% when no H,O, was added, owing to the 


at 66° hr. at 60° phe. at 100° 
- 9 422 356 
04 12 — 4 43 44 89 
18. ‘1 84 40 
"16 12 37 


action of reducing substances. The addition of increasing quantities of 
H,0, gradually diminished this reducing action, but only 16 c.c. of H,O,. 
induced the formation of an appreciable amount of indophenol. This 


experiment was repeated several times with a similar result. The 


explanation lies in the fact that a temperature of 55° destroys all the 
oxygenase of the tissue, but little or none of the catalase, and so almost 
all the H,O, added is at once decomposed with the brisk evolution of 

oxygen. At temperatures of 60° and upwards, however, the catalase is 


destroyed as well as the oxygenase, and so the peroxidase can transfer 


the oxygen of the added H,O, to the naphthol + diamine without any 


check. The figures in the table show that the amount of indophenol 
formed increases with increasing quantities of H. O, up to a certain point, 
but that with 04 cc. or more of H, O, the oxidation is diminished. 
The cause of this is unknown, but probably the indophenol formed is 
further oxidised, as the solutions gradually take on a reddish brown 


colour, instead of the indophenol purple. The final two columns in the 
table show that liver heated for half an hour or even for two 8 to 
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other words, that the peroxidase concerned in this particular reaction 


not am enzyme by no means warrants us in attributing a similar 


_ that some reactions can be effected by i inorganic salts, such as those of 


; peroxidase and catalase, and their reaction to heat, probably differ some- 


its enzymic nature, 


TISSUE RESPIRATION. 165 
100° had almost as great an oxidising power as that heated to 60°: in 


cannot be an enzyme in the ordinarily accepted sense. A some- 
what similar result was obtained by Czyhlarz and von Ftirth’, who 
found that the peroxidase in saline extracts of leucocytes could be 
heated to boiling point without losing all its activity. Also Moitessier* 
found that blood, even after heating to — could oxidise guiaconic 
acid in presence of H. O, 

The fact that the peroxidase concerned in indophenol formation is 


character to the activator in all other oxidising reactions. We know 


iron and manganese; others may need organic iron compounds such 
as nucleoproteins or hemoglobin; and others, true enzymes. Thus 
Battelli and Stern“ found that the peroxidase of animal tissues which 
in presence of H, O, can liberate iodine from KI solution, is ee 
at 70°, or is presumably an enzyme. 

_ ‘The few experiments made with tissues other than the liver were 

not so striking. Both kidney and brain, after being heated to 55°, gave 
a considerable indophenol formation on the addition of naphthol, diamine 
and H, O,, or their catalase did not interfere nearly so much with the 
reaction. Heart muscle, after being heated to 60°, gave only a third as 
much indophenol formation on addition of 01 to 1 cc. of H, O,, as did 
fresh. muscle acting without H, O,. Hence the interaction of oxygenase, 
what in different tissues. 
The evidence in support of the enzymic nature of indophenol oxidase 

is almost as strong as that for most hydrolytic enzymes. Its extreme 
thermo-lability bas already been commented on. In my previous 
papers I showed that it acted catalytically, or that under certain 
conditions it oxidised naphthol + diamine in linear proportion to the time 
of action. It acted much better in dilute than in concentrated solution. 
Also I showed that the amount of the oxygenase varied considerably in 
different tissues, but was fairly constant for each tissue through a wide 
range of the mammalian kingdom. Its insolubility does not preclude — 


similar in some amen 


1 Cuyhlers von Firth. Beitr. x. 867. 
2 Moitessier. C. R. Soc. Biol. n. p. 878. 1904. 
* Battelli and Stern. Biochem. Ztech. In. p. 44. 1006. 


he! 
= 
4 
» 4 9 
* 
¥ 
bore. 
* 
2 
7 
* 
j 
4 
id 
<a 
AY 
if 
— 
wa 
1 
5 
— 
* 
2 
‘ 
oy 


F VERYON 


3 The aac results described above show that the. attests of 


high temperature and of certain poisons on the gaseous metabolism and 
the oxidase of the kidney often run parallel, and hence it is natural 
to assume that the former is at least in part dependent on the latter. 


No absolute proof 6f such a relationship exists, but there is a large 
amount of evidence in its support. The CO,-forming power of enzymes 
has so far been definitely proved only in one instance, viz. that of 
uricase acting on uric acid, but Battelli and Stern found’ that the 


peroxidase of all mammalian tissues, in presence of ethyl hydrogen 


peroxide, can oxidise formaldehyde and formic acid to CO, and water, 


Also Kostytschew“ prepared a peroxidase from germinating wheat 


which had considerable oxidising powers in presence of H,O,. If added 
to glucose which had been fermented for one to three hours with 
_ gymin, and then boiled, it formed a good deal of CO,. Most striking 


of all are the experiments of Dakin’, who, following up the well-known — 
discovery of Fenton, has shown that in the presence of a trace of a 


catalyst such as FeSO,, hydrogen peroxide can readily oxidise amino 
acids such as leucin and alanin, and the ammonium salts of fatty acids 
from stearic to formic acids, right down to the CO, ＋ H, O stage. 
Analogous oxidations in the living tissues by the agency of oxidases + 


xidases seem very probable, though at present we have no ex- 
planation as to why the tissues should lose these powers when minced — 


up. The results described above seem to throw some light on the 
matter. We saw that nitric acid, ammonia and mercuric chloride acted 
much more destructively on the gaseous metabolism of intact kidneys 


than upon their oxidase content, or the gaseous metabolism is de- 


pendent on some other factor besides tissue integrity. There is some 


link in the chain of oxidation processes which @ poison can destroy 


without its necessarily touching the oxidising enzymes. This link may 
be an amboceptor which enables the oxygenase and peroxidase enzymes 


to. come into contact with the oxidisable material. When the integrity _ 
of a tissue is destroyed it is presumably destroyed likewise, and so the 
oxidases can no longer exert their action. Thus Harden and Maclean‘ — 


found that the more finely a tissue is divided up, the smaller is its 


1 Battelliand Stern. Biochem. Ztech, xm. p. 44. 1908. 

* Kostytschew. Stack. f. physiol. Chem. txvm. p. 116, 1910. 
* Dakin. Journ. Biol. Chem, rv. pp. 68, 77, 91 and 227. 1908. 
Harden and Maclean. This Journal, xum. p. 84. 1911. 
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expressed from the mixture had no respiratory activity whatever. 


to zero in an hour or two, and gives place to an “ accessory respiration,” 
which remains constant for a long time. The chief respiration occurs 


temperature optimum of 55°: it is exhibited by aqueous extracts of 
tissues and of their dried ebene precipitates, and hence it is dependlent 


Maclean were unable to obtain any evidence of respiratory powers 


organs, and, as above suggested, is not only dependent on the tissue 


Biochem. Ztech, XXI. p. 487. 1909; I. p. 815. 1911. 
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reapicabsny power when kept with blood in an atmosphere of oxygen. 
Minced rabbit muscle ground in a mortar with sand had less respiratory 
activity than muscle ground without sand: muscle ground with sand 
and kieselguhr had still less respiratory activity, whilst the juice 


The numerous results obtained by Battelli and Stern’ on the 
gaseous metabolism of minced tissues kept in oxygen with blood or 
saline are difficult to reconcile with my own. These investigators 
conclude that such tissues possess two different types of respiratory 
process, At first they have a “ chief ee which dwindles down 


only in the ] presence of cells and cell fragments ; it is more susceptible 
to the action of poisons than the accessory respiration ; it is much larger 
in an atmosphere of oxygen than of air; and it has a temperature 
optimum of about 40°. Accessory respiration, on the other hand, has a 


on soluble enzymes. 

It is evident that the indophenol oxidase which I have been investi- 
gating can be in no way responsible for the “accessory respiration,” for 
it is an insoluble enzyme, and is destroyed at 55°. Harden and 


in aqueous and saline extracts of tissues, and suggest that Battelli 
and Stern’s observations on accessory respiration may be the result 
of bacterial infection. Battelli and Stern’s observations on chief 
respiration have been to some extent confirmed by Hansen’, Harden 
and Maclean and others, though no one has obtained such high 
values as they did. They are probably correct in assuming that 
this respiration is due to the continued vitality of cells and cell 
fragments. Hence it is directly comparable to the respiration of intact 


oxidases, but on some unstable ee which enables these — to 
exert their action. 
1 Battelli and Stern. Journ. de Physiol, rm. pp. 4 34, 228 and 787. 1907; 


* Of. Battelliand Stern. Biochem. Ztech. xxxvim. p. 163. ovis. 
Hansen. Ibid. p. 488. 1909. 
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Summary. 
The 1 oxidase of mammalian tissues (kidney, heart, brain, 


liver) i is extremely thermo-labile, On heating rabbit's kidneys for half 


an hour to 50°, an eighth to a half of the oxidase is destroyed; at 53° 
four-fifths or more is destroyed; and at 60° it is almost entirely 
destroyed. The gaseous metabolism is similarly affected by tempera- 
ture. 


If a kidney be perfused for 11 hours at 17° to 355 with oxygenated 
Ringer's solution, it shows no loss of oxidase, though its gaseous 
metabolism sinks to a third the normal, and as much as 28 % of the 
tissue protein may be washed away by the perfusing liquid. 

Perfusion of kidneys for half an hour with saline containing 1 to 


4 % of lactic acid or 1°/, of phenol destroys the oxidase to about the 
same extent that it reduces the respiration. Methylamine and chloro- 


form act rather less destructively on oxidase than on respiration: 
ammonia and mercuric chloride act much less destructively, whilst nitric 
acid and formaldehyde act less destructively still. 

- Minced kidney is much more sensitive to the action of poisons than 


intact kidney, nearly twice as much of its oxidase being as a me 


destroyed by a given concentration. 

The perfusion of kidneys with poisons—except sodium fluoride a 
formaldehyde—causes some tissue disintegration, and a washing out of 
tissue protein. Acids cause increasing amounts of disintegration with 
increasing concentrations. Ammonia and methylamine caused 9 to 
32 % of the total protein to be washed out in an hour, and saturated 
chloroform saline removed 51 / of the protein. The oxidase destruction 
as a rule runs parallel with the tissue disintegration. 

Indophenol oxidase is insoluble in water or saline. It is a true 
enzyme, playing the part of an organic peroxide. The peroxidase 


which activates it is not an enzyme at all, as it can be ac for two 


hours to 100° with impunity. 
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THE INFLUENCE OF INCREASE OF TEMPERATURE 


and by Meyer. 


UPON THE INHIBITORY MECHANISM OF THE 
HEART OF THE FROG. By d. H. CLARK, MB, DP.H.,, : 


Lecturer in Physiology in the shes of Glasgow. 


Tun object of the experiments recorded in this paper was to: 1 


the effect of an increase in temperature on the inhibitory action of 
the vagus on the heart. 
The first direct experiments! on this point appear to have been 


made by Lepine and Tridon«, who observed on tortoises that when 


the temperature of the heart was raised the action of the vagus was 
lost but that it returned on cooling. These results were in part con- 
firmed by Aristowa). 

On the other hand Luchsinger and Ludwig observed that the 


| vagus in the frog preserves its activity at the most elevated temperatures. 


They state that the vagus appears to be even more active at the higher 


than at the normal temperatures. Bassin@ found that the vagi may 


inhibit a warmed as well as a cooled heart. 
Ste wartch made an extensive series of experiments on the frog 


and states that the inhibitory activity of the vagus is in all cases reduced 


as the temperature is lowered and increased as the temperature rises. 
He observed the vagus to be active on the very verge of the heat 
standstill, as well as when the standstill was passing away. These 
conclusions of Stewart’s have been criticised and different results 


recorded by several workers. Thus Pretshistenskaja@, using an 
apparatus which ensured that the heart was suitably nourished during 


the experiments, concluded that the irritability of the vagus in the frog 
may remain almost constant within a considerable range of temperature, 
or may decrease by warming as well as by cooling but does not in any 


case increase, Further sudden warming of a cooled heart to room tem- 
perature commonly causes loss of vagus irritability for a short time. 


1 Earlier indirect experiments were made by Benelske, Cyon, v. 
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170 6. H. OLARK. 


E. d. Martinw also obtained results differing from those of Stewart. 
The hearts of terrapins were perfused with Ringer's solution which was 


supplied at different temperatures. His most striking results were 
those obtained by raising the temperature during stimulation of the 
vagus and thus determining the influence of increase of temperature 
under this condition. In one experiment the temperature was raised 
from 21° C. to 27° O. after the heart had been held in standstill by the 
vagal stimulation for two minutes; Nine contractions took place during 
the two minutes the warm Ringer's solution was circulating, but the 
organ came to rest and remained so for two minutes when the warm 


solution was replaced by Ringer’s at room temperature. In attempting 


to compare the minimal inhibitory stimulus at room temperature with 


that at higher temperature Martin found that at a temperature of . 


31˙5˙ C. the heart could not be brought to rest by the strongest stimulus 
which could safely be employed. He concludes from his results that in 
the terrapin heart, perfused with favourable inorganic solutions, the 


inhibitory action of the vagus is much more pronounced at room tem- 


peratures than at temperatures ten degrees above these. Stewartas 
pointed out that Martin had adopted a different standard of inhibition 
from that used by himself and suggested that the terrapin’s heart may 
differ essentially from that of the land tortoise. 


Methods. Frogs were used and in most instances Rana temporaria. : 
In a few instances observations were made on Rana esculenta; these 


however did not give uniform results and need not be further mentioned. 


The brain was destroyed and the heart exposed. The heart was 


suspended to a light lever and left in situ. Electrodes were passed into 
the medulla oblongata. The frog was pinned prone on a frog board. 


In the first series of experiments the board was immersed in °75°/, 


- saline or in Ringer's solution the temperature 1 which could be rapidly 
changed. 


In the second series, the temperature was raised locally by means of 
a von Frey’s temperature point applied to various parts of the heart's 


surface. 
“ Alongth of some inches of normal cardiograph was taken and then 


a ‘stimulating current was thrown into the medulla and the result 
recorded. The secondary coil of the inductorium was placed some 


distance out at first and gradually brought in until standstill of the 
heart was produced. The temperature was now raised some degrees 
and the stimulation repeated as before. Thus the strength of stimula- 
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INHIBITION OF HEART — 171 


Pan Th some instances the temperature of the heart was again 
lowered and stimulation repeated as beſore. 


Where the heated point was used it was found possible’ to stimulate | 


the medulla and cause standstill, then to touch various parte of the 
heart's surface with the warm point and finally to remove it and thus 


always the same. Taking the lowest strength of stimulus which, applied 
to the medulla,-was required to produce standstill in a heart heated to 
a temperature of 28° to 35° C. and applying that stimulus after the 
heart had again come to room temperature, standstill was in all cases 
produced. In most cases the strength of stimulus could be reduced 
considerably and yet cause standstill in the heart at the lower tempera- 
ture. The standstill of the heart at the higher temperature was of 
short duration while at the lower temperature it mie outlasted — 
‘the period of stimulation. 


3 ie 1. Read from left to richt. The first two tracings were taken with the temp. 
at 30° C., the last two after cooling to about 18° 0. 


When a stimulus that was just insufficient to cause standstill in the 
normal heart was applied after the temperature had been raised to 
28° to 35° C. it invariably failed to produce any effect upon the heated 
heart. | 
| When a strength of stimulus was found which just caused standstill 
in the normal heart and then the temperature was raised, the stimulus 
dad to be increased in order to produce standstill. In some cases no 
strength of stimulus which could safely be employed was sufficient to 
bring about standstill. This was higher 
ranges of temperature used. 


An account of one or two of the experiments performed may be 
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172 H. MARK. 


Exp 1, Fig. 1. The frog was immersed in Ringer s fluid at 30 C. 


‘and the medulla stimulated with currents of increasing strength, the 


secondary coil varying from 16 cm. to Qcm. Slight inhibition, shown 
by slowing of the heart, was first obtained with the secondary coil at 
10cm. At 9 om. a momentary standstill was obtained and this increased 
‘as the stimulus was increased in strength. The heart was now cooled 


by substituting Ringer s fluid at about 18° C. for Ringer's fluid at 30° C. 


With the secondary coil at 10 om. and at. 12 cm. standstill of the heart 
was obtained and some slowing at 13 em. and at 14 em.; at 16 em. there 


was no effect. 


Fig. 2. The tracings show the effect of stimulating the medalla with a current gradually 


increased by pushing in the secondary from 20 cm. until standstill of the heart 
occurred. Standstill was obtained when the secondary reached 9 om. in the heart 
kept at 18° C. In the heart warmed to 85° C. no standstill was obtained. After 
cooling stimulation with the secondary at 9 em. again produced standstill. 5 


Fig 8. The first piece of tracing shows the effect produced by stimulation with the sec. 
coil at 7°5 and at 7 em., temp. 18°C., and the second piece the absence of effect on 


 gtimulation with the sec. coil 7 to O em., temp. 85°C. 


2 The frog was immersed in Ringer fluid at about 


18°C, and inhibition was first obtained on stimulating the medulla, 
when the secondary coil was at 9 em. Ringer's fluid at 35° C. was then 
substituted for that at 18° C.; this usually caused the heart to beat 


rapidly. Stimulation of the medulla whilst the secondary coil was 


gradually pushed up from 20 cm. to 0 om, had no effect, On again 
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INHIBITION OF HEART. 178 


cooling to 18° , inhibition was again obtained with the secondary coil 


at 9 m. 

Fp 3. Frog at about 18° C. Stimulation had no effect till the 
secondary coil was at 7 em., then inhibition was produced. Ringer's 
_ fidid at 35 O. was then substituted. The medulla was stimulated 

with the secondary coil varying — ” em. to 0 om. without any 
effect. 

to different parts of the heart was observed. In different experiments 

all parts of the heart were explored with a fine point not more than a 
circular area of 1 mm. diameter being touched at one time. 


Fig. 4. Stimulation of medulla. Ses. coil at 0 cm. a, heart at room temperature. 
b, metal point at 85° 0. in contact with sino-auricular junction. Sec. coil at 5 cm. 
ce, heart at room temperature. d, metal point at 38 C. in contact with sino-auricular 
junction. The change in level of the lever was caused by movements of the frog. 


| ‘Fig. 5. Stimulation of medulla with sino-auricolar junction normal and heated. — 
. Tue lower piece of tracing continues the upper. 


In some instances the experiments were performed in the same way 

as in the previous series, and the strength of the stimulating current 
gradually increased. In other cases a strength of stimulus was found 
which easily caused inhibition in the normal heart and this was applied 
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plat art of the 


wpe ventricles or bulbus. 

It was found that local application of heat to all parts of the Shears 
except the sino-auricular junction and its immediate neighbourhood, 
was without effect in stopping the inhibitory action of the vagus. The 
absence of effect might naturally result from a portion only of the 


conducting tissue—nerve or muscle—being heated; even when the 
heated point was applied to the aurico-ventricular junction, it is unlikely 


that the whole ring of tissue was warmed although the point remained 
in contact for some time. 

On heating locally the sino-auricular junction, the inhibitory effect 
of the vagus was completely or nearly completely prevented. An 
= is given in Figs 4 and 5. 

The effect was the same when the sino-auricular junction was heated 
during prolonged inhibition of the heart; during the application of the 


heated point the heart beat rapidly but soon = beck into — 


SUMMARY. 


Tue effect of temperature on the inhibitory. action of the vagus in 


the frog was tested by stimulating the medulla whilst the frog was 
- placed in Ringer’s fluid of varying temperatures. 

Where standstill is produced at the room temperature (about. 18° C.) 

a much stronger stimulus is required to obtain the same effect at 
28° C.—35°C. Frequently where a slight degree of inhibition stopping 
short of standstill is produced at the lower temperature a smaller degree 
of inhibition is produced or no inhibition at all is obtained. In no 
case did I obtain results such as those referred to by Stewart. As 


possible factors in the different results obtained by different workers 1 
have found that in my work Rana esculenta could not be depended upon 


to give results which were uniform, and that in frogs of either kind 


which had been kept in the laboratory for a time the results were not 


constant. 
Local application of heat: to, the sino-aurjoular junction Joes 


or diminution of the inhibitory action, When the part of the sinus 
adjacent to the right auricle was warmed the inhibitory action was 


lost or diminished, but it was not lost when other parts of the sinus 


were warmed. 
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A SHORT QUANTITATIVE STUDY OF HISTOZYM, A 
‘TISSUE FERMENT. Br N. MUTCH, MA, MB, BO. 


Research student of Emmanuel College, Cambrsdge. 


Cambridge, and Guy's Hopital. 


ScHMIEDEBERG() in 1881 hydrolysed hippuric acid into its con- 
stituents, benzoic acid and glycin, by means of minced kidneys. This 
reaction he ascribed to a ferment which he called histozym. Believing 
that in the living animal it determines the reverse action, the synthesis 
of hippuric acid, he endeavoured to extract an active principle by 
the simple methods then in vogue but never brought forward any 
conclusive proof of success. He adopted two procedures: (1) kidneys 


were minced, and extracted with glycerine, and from this extract an 
alleged ferment was precipitated by the addition of alcohol; (2) after 
hardening the organs under alcohol, a watery extract was made, which | 


was supposed to contain the ferment. 
Mixtures of these preparations with sodium hippurate, after incuba- 


tion for 65 hours at 23°C. in the absence of antiseptics, yielded sodium 


benzoate. But this is not really proof that the reaction was induced 
by the ferment, for as Minckowski@ showed in 1883 the common 


organisms of putrefaction can hydrolyse hippurate solutions very 


efficiently. That this factor largely influenced Schmiedeberg’s 


results is indicated by the fact that, in his control experiments, where 
he substituted some inert protein solution for kidney extract, consider- 


able hydrolysis also occurred, 


6.9. kidney extract used 19 grm. of sate acid was as hydrolysed. 
control 02 1 


The excess of benzoic acid obtained when dua extracts were 


employed is easily explained by the readiness with which bacteria 


multiply in these solutions, The existence of numerous organisms can 
be demonstrated by direct coverslip preparations after 12 hours incuba- 


tion at 37°C., by which time a distinct turbidity is noticeable even 


when sterile tubes and sterile hippurate solution have been used. 
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N boiled ‘watery extracts of fresh 1 unless carefully 
sterilised by heat and treated with strictly aseptic precautions, quickly 
putresce on incubation and freely hydrolyse sodium hippurate. 
There is, however, no doubt that the original organs contain the 

ferment for which Sch miedeberg sought, these when minced splitting 
sodium bippurate into its constituents in the presence of a great 
variety of antiseptics. To obtain a preparation of this ferment suitable 
for quantitative work in the absence of bacteria was the first object 
of the present research. Schmiedeberg’s extracts were first used, but: 
I. Evidence could not be obtained of any hydrolytic action 

where bactéria were excluded. 
A. Bacteria eacluded by antiseptics. ‘25 grm. 
hippuric: acid neutralised with soda, ‘1 grm. dry kidney extract, 20 c.c. 
water, were incubated for 24 hours at 37°C. with the ‘following 
antiseptics ; chloroform, toluol, formalin 5 %,q hydrocyanic acid 1˙5 %, 
75 J½ and 5 %, but hydrolysis did not occur in any, although from the 
control where antiseptics were not added 140 grm. of benzoic acid was 
recovered. If this phenomenon be due to the poisonous action of the 
antiseptics and not to the exclusion of bacteria, it contrasts strangely 
with Plimmer’s observations on diastase whose activity is in no way 
retarded by considerable proportions of hydrocyanic acid. Probably the 
_ hydrolytic properties of these kidney extracts are largely due to the 


contained bacilli although, possibly, there is also a trace of histozym 


obtained from the kidney itself, for after prolonged incubation for 
two months in a solution containing sodium hippurate and 5% sodium 
fluoride, benzoic acid could be sepatated in a pure state. 
B. Bacteria excluded by filtration. The thinnest Doulton filters 
(not guaranteed) were used for sterilisation and repeated experiments 
performed with numerous samples of Schmiedeberg’s extracts under 
the following conditions. The dried extract was left for several hours 
at 37 C. in contact with (1) water, (2) a dilute solution of sodium 
_ hippurate, (3) water rendered slightly alkaline with soda, (4) water 
rendered slightly acid with hydrochloric acid. 
Very fine emulsions were thus obtained which were filtered at low 
pressure through the porcelain filters into sterile flasks. These solutions, 
however, were entirely without action on sodium hippurate although 
both filtered and unfiltered controls prepared without aseptic treatment 


readily brought about hydrolysis. To certain of the filtered fractions, 


boiled extracts of kidney and of liver were added, on the supposition 
that some needful co-ferment might have been. separated by filtration, 


— 
4 
wee 
* 
ig 
4 
fel 
19 
“y 
SS 
= 
4 
3% 
wig 
* 


178 V. MUTOH. 
but in every instance the attempt to induce hydrolytic action hy these | 
additions completely failed. 
C. Bacteria excluded by other methods. 0 . 
sterilise Schmiedeberg’s dried extract by leaving it under toluol for 
24 hours and driving off the excess of toluol from the sediment by a slow 
stream of sterile air at 37 C. This succeeded on several occasions but 
the powder 80 obtained exerted no hydrolytic cane whatever 5 
sodiuta hippurate. 
II. Evidence could not be obtained of any synthetic n 
on solutions of glycin and sodium benzoate. : 
A semi-solid mass, which consisted of an excess of kidney extent | 
permeated by a saturated solution of neutralised benzoic acid containing 
an equivalent proportion of glycin, was incubated at 37° C. for a month. 
A careful extraction was then made but no trace of hippuric acid 
found. 
Experiments were then continued under the following changed 
conditions : 
| (1) Lets ferment was used, so that suspension replaced the semi- 
solid mass. 
(2) The fluids were saturated with oxygen, and surrounded by an , 
atmosphere of that gas. : 
(3) It was thought that possibly the reaction might depend on 
some diphasic state which must be correctly copied, so the following 
variations were tried: (a) the addition of eggwhite diluted 10 times 
and boiled; (b) the addition of eggwhite diluted 10 times, rendered 
faintly acid and boiled; (c) the addition of a dilute faintly alkaline 
solution of casein; (d) the addition of filtered ox serum; (e) the sub- 
stitution of an emitlsion. of the slightly soluble bensy! alcohol for sodium | 
benzoate. | 
(4) The possible necenity of some oo-ferment was controlled by 
the addition of boiled watery extracts of fresh kidneys. pe | 
(5) Moore has shown that a rise in temperature favours reverse 
| JJ 8 incubated at 
(6) A control was performed by the omission of kidney extract. ae 
I all these cases the sodium benzoate or benzyl alcohol acted as an 
efficient antiseptic and the growth of bacteria was entirely prevented ; 
but in no instance could hippuric acid be obtained. 
These experiments demonstrate the improbability of Schmiode- 


* 
* 
ve 
— 
A 
VAS 
* 
a 
* 
} | 
| 
RS 
i 
* 
all 
85 
| 
| 
* 
* 
| 
» — * 
— 2 
=: 
— 
852 


HISTOZYM. 


By the following method an active preparation was obtained which 
_ exerted a measurable zymolytic action in the presence of antiseptics : 
fresh pigs’ kidneys, after being isolated as far as possible from the 
fibrous tissue of the capsule and pelvis, were minced and dehydrated 
for three or four days under alcohol. This process rendered them 
extremely friable, so that, when dry, they were easily reduced to a very 
fine powder by means of an ordinary pestle and mortar, Every trace 
of fat and pigment was now removed with ether in a Soxhlet fat 

extracting apparatus, and the disintegrated cellular mass separated 


_ from small fibrous shreds by appropriate sieves. A pale brown powder 


was thus obtained giving a milky suspension with water, and hydrolysing 
sodium hippurate in the presence of chloroform or toluol. Its action 
vas completely inhibited by °5°/, formalin whilst simple filtration 

through paper brought about considerable retardation. 5 


ESTIMATION OF THE REACTING SUBSTANCES, _ 
_ Hippuric acid. The earliest method of estimating hippuric acid 
was devised by Bunge and Schmiedeberg Many modifications have 
been introduced by Blumenthal, Parker and Lusk w, and others, 
but accuracy has not yet been obtained. Nor has the method of 
Henneberg, Stohmann and Rautenberg@ given satisfactory results, 
Pfeiffer, Block and Riehe (1902) hydrolysed hippuric acid to 
_ benzoic by distillation with sulphuric acid and estimated the benzoic acid 


in the distillate by neutralisation. In 1906 Wiekowski e modified this 


process and elaborated the only technique which produces consistent 
results. His method has been used exclusively in the present research. 


Hydrolysis is effected by boiling the solution to be analysed with caustic 


soda in a flask fitted with a reflux condenser. Acidification with phos- 
phoric acid secures the liberation of the benzoic acid produced. This is 
then removed by distillation. After the addition of an excess of soda, the 
distillate is concentrated and re-acidified, when the benzoic acid may be 
easily extracted with petroleum ether. A stream of dry air is employed 
to evaporate the petroleum ether, leaving crystals of pure benzoic acid 
to be weighed. The procedure is tedious and indirect, involving separate 
estimations of free and of total benzoic acid, but at present it is unique 
in its accuracy. 
The following is a simple colourimetric method but, like most of the 
former processes, it is inaccurate and is only applicable in the absence 
of an excess of protein. When hippuric acid is heated with sodium 
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hypobromite, a dark red precipitate is produced. This is given by: 
) hipparic acid alone; (2) hippuric and benzoic acids mixed; (3) 


hippuric acid in the presence of free glycin; but cannot be obtained 


with (1) benzoic acid alone; (2) glycin alone; (3) benzoic acid and 


glyein together. The precipitate exhibits the following properties: 
(a) It is extremely soluble in ether and dissolves: readily in 


petroleum ether, benzoline, and alcohol forming deep, brownish read 


solutions : 
) The addition of concentrated hydrochloric acid decolorises the 
ethereal extract, whilst the acid takes on a pale lilachue. On neutralisa- 
tion the ether again becomes dark red in colour: : 1 
(o) Absorption bands are not given. | 


For quantitative purposes, hippuric acid is heated for two hours on | 


a water-bath with an excess of sodium hypobromite. The pigment 
produced is extracted with benzoline, the last traces being removed by 


ether, and the volume raised to some standard. By means of an ; 


apparatus similar to that used by Folin for the estimation of creatinin, 
the intensity of the colour is measured. Many difficulties arise from 


the variations in the amount of pigment obtained under different 


conditions, but if constancy is maintained, the quantity of pigment is 
pproximately proportional to the weight of hippuric acid present (see 

Bensoio acid, By making use of the well-known solubility of 

benzoic acid in petroleum ether, a solvent which does not take up even 


traces of hippuric acid, it was possible to devise a method of estimation 


yielding results of considerable accuracy when applied to ferment 
solutions. | | | | 
To 20 cc. of the solution to be analysed were added 5 c.c. of 5% 
mereutic chloride and the temperature raised to the boiling point. 
This precipitated most of the protein, but on cooling further precipita- 
tion occurred, which so effectively removed the last traces of protein that 


the filtrate could be extracted with petroleum ether without further 
preparation. Accordingly the solution was cooled and filtered, 20 cc. 


placed in a separating funnel and acidified with hydrochloric acid. To 


this were added 20 c.c, of petroleum ether and the whole shaken 


together with moderate vigour for five minutes, .To secure a ready 


separation into ethereal and watery layers, air bubbles were first 
‘destroyed by attaching the funnel to a vacuum pump; this being 


complete the pump was disconnected and hot water allowed to flow for 


a short time over the part containing the solutions whilst cold water 
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posi over the upper part of the funnel. In this way resolution of 
the jelly was facilitated and loss by evaporation prevented. After 
being allowed to stand for about five minutes, separation was complete. 
Three other fractions of petroleum ether were used and the four placed 
together and washed free from hydrochloric acid with 20 c.c. of distilled 
water. They were then carefully transferred to a flask and evaporated — 
by directing a jet of dry air on to the surface. The fall of temperature 
produced by evaporation rendered any loss of benzoic acid vapour 
infinitesimal, The crystalline residue was taken up in ether, which 
_ dissolves it much more readily than does a ether, and the wenn 
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Une represents the amount of pigment obtained from known weights of hippuric acid. 
B. The interrupted line represents the amount of pigment which should be obtained 
‘from the given weights of hippuric acid, if : 
Pigment = K x hippuric acid, K being a constant, 


then transferred to a small silica flask where evaporation was again 

accomplished in a slow stream of dry air. After desiccation for 24 hours 

the flasks containing the benzoic acid were weighed. The crystals 
under estimation were in the form of long white needles without any 
trace of gummy or pigmented residue and were extremely pare. The 
technique was tested in the following ways: 

1. The weight of a silica flask after 24 hours’ desiccation in vacuo = 20-784 grms. 


by wiping, its weight ... 520-784 grms. 
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that cannot be admitted by 
uneven absorption of moisture by the silica flasks, 
ee ueous solution of sodium benzoate containing . 182 1 
1 four times with petroleum ether and 1316 grm. of benzoic acid 
raocodered. A fifth fraction of 90 c.c. of petroleum ether was used to extract 
the last traces of benzoic acid but on evaporation did not leave any residue. 


This demonstrates the absence of errors in the Prooesses 


of extraction and evaporation. 


The method clearly gives distinct uniformity of ae 


4. , was added to ferment ruspension and 
estimated. Benszoic acid 


found = 065 grm. 

Although the method entails a slight loss where the absolute 
amount of benzoic acid present is desired, yet if merely the relative 
quantities present under similar conditions are — a — 

— of accuracy is obtained. 


THE PROPERTIES OF HISTOZYM. 


Into a number of small conical flasks were put strictly similar 


fractions, each consisting of: 20 oc. of a solution of hippuric acid 
neutralised with soda and containing 28 grm. of hippuric acid; ‘8 grm. 
of kidney extract; 5 d of toluol. 


These were thoroughly agitated to ensure saturation of the water 


with toluol, and waxed cotton-wool plugs inserted. After incubation at 
87°C. for various periods, the amount of benzoic acid produced was 


estimated sud. the anmbers obtained for aliquot parts of the several 
fractions were as follows: peed 


Period of Proportion of hippuric 
77. 
88 0696 
100 08545 
| 0 208 "1405 94 
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unhydrolysed was estimated by Wiekowski’s method, 
and the * — acid: were : 


These numbers were made use of in calculating the percentage of 


hipparie acid hydrolysed after any given interval, as tabulated in the 5 
third column. | 


Curve 2 embodies these results and from it the following observa- 
tions can be made: 


(a) Equilibrium is only reached when a very considerable degree of 
_ hydrolysis has occurred. The hippuric acid clearly is not altogether 
| 
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80%: 


i380 ako 400 
Me Represents the action of on of hippie aid netralied with 
of hippuric in 100 ¢.¢.) 


0 The curve of the reaction is at first almost n : 

continues as such for some considerable time. This agrees with. 
observations on other ferments, the exceptional length of the straight 

Une in this 
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(e) When about 90%, of the hippuric acid has beet 8 
some factor comes strongly into play, retarding the velocity of the 
destruction. This may be seen more clearly by calculating the relative 
velocity constants at various periods of the reaction, on the assumption 
that it is monomolecular and proceeding to completion : 

C,H,CONHCH,COOH + 
The water is negligible because, being present in a very great excess, 

its active mass cannot alter agente For such a reaction 


0, and the. concentrations of hippuric acid at times 4 
respectively. 
II (t, — t) is made constant, then logy 7 ©: should in constant also, if 
the reaction is really monomolecular as 3 This value has been 
calculated at various points on the curve and tabulated below: 
0°1306 
0°1761 
0-2788 
0°3979 
08010 
0°1250 
0· 0000 
It is evident that at first the volt of K rises considerably and that | 
“the velocity of the reaction is greater than for a simple monomolecular — 
one. This phenomenon has been widely observed with other ferments. i 
But when about 90°/, of hippuric acid has been hydrolysed, retarda- 
tion occurs and eventually brings the reaction to a standstill, 3°/, of 
hippuric acid remaining unchanged. This opposing force may aioe in 
several ways, of which the following were investigated : 

(a) By destruction of the ferment. This could not be solely 
responsible, for the addition of more hippuric acid to fractions at the 
equilibrium point greatly increased the ultimate yield of benzoic acid. 

(6) By reverse zymolysis. The residual 3 % of unchanged acid 
offers reasonable hope that the reaction is in point of fact reversible, 
and that histozym is the active agent in the synthesis of hippuric acid 
in the body, : 

(c) By removal of 1 through its e with end 2 

This is dealt with later. | 
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HISTOZYM. 


1 | II. Nature of its synthetic action. 
Many attempts have been made at various times to reproduce the 
synthesis of hippuric acid in vitro through the agency of minced organs 
and tissue extracts. As early as 1879 Kochsw, using the kidneys of 
oxen and dogs minced with blood, obtained after incubation with 
_ sodium benzoate and glycin, traces of substances exhibiting the solu- 
bilities of hippuric acid. Abelous and Ribautdo (1900) thought that 
if energy could be supplied by the oxidation of some benzene derivative, 
a coupled reaction might result in the free synthesis of hippuric acid. 
They accordingly minced horses kidneys and incubated with benzyl 
alcohol, glycin and sodium carbonate, using 2°/, sodium fluoride as 
antiseptic. | From this they claimed to be able to isolate hippuric acid 
in small quantities, but control experiments in which benzyl alcohol 
was omitted gave yields which, although less by about 30 milligrammes, 
were distinctly comparable in amount. Furthermore, the synthetic 


action involves very little change in the chemical energy of the system, 


and not more than could be — by changes in wag osmotic energy ; 


acid being 78 cal per gr. 
‘Total 1008 
Hippuricacid 1014 „ 


„A more probable explanation of be found 
in the diphasic state produced. Benzyl alcohol being only slightly 
soluble forms an emulsion, the watery phase of which is maintained in 


a constant state of saturation, Hippuric acid is extremely soluble in 


benzyl alcohol and relatively insoluble in water so that were any 
produced it would be rapidly removed from the sphere of action of the 
ferment and the synthetic process favoured. This resembles closely the 
mechanism found in the intact animal, where hippuric acid is excreted 
into the urine as quickly as produced by the cells. More recently, in 
1902, Bashford and Cramer described the synthetic production of 
hippuric acid by minced kidneys in an atmosphere of oxygen under 
pressure; but as yet proof has not been brought forward of reverse 
 gymolysis occurring apart from the actual kidney cella. 
5 The following experiment, however, furnishes distinct evidence of such 
synthetic action. A saturated solution was made containing 5 grms. of 
benzoic acid, neutralised with caustic soda, and an equivalent, 3 grms., 
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of glycin. To this was added an active kidney extract prepared as 
already described, until a semi-solid mass was obtained. This was 
placed in a flask, sealed with a waxed cotton-wool plug and incubated at 
37 C. for a month. An analysis was then made as follows: 


After the addition of 5% mercuric chloride the mass was made more : 


diffluent with water and the temperature at once raised to the boiling 
point. The mixture was then left on a water-bath for five minutes and 
strained through muslin; the residue extracted repeatedly with water 
at 100°C. and the filtrates evaporated to dryness. An alcoholic extract 
was made and the product yielded on evaporation, taken up in water, 


acidified and freed from benzoic acid by shaking with petroleum ether. 


When benzoic acid could no longer be extracted the solution was agitated 
several times with acetic ether. The latter, after being washed free 
from acetic acid, was evaporated in a stream of dry air, and the residue 


the removal of the last traces of ic acid. It now appeared as fine 


thus obtained left in contact en petroleum ether for a week to ensure 


needle-shaped crystals about 2 mm; long, surrounded by a small quantity — 


of yellow gummy stain and weighing 048 grm. A control from which 


sodium benzoate was omitted yielded after identical treatment a slight 


yellow amorphous deposit weighing 003 grm. 


Although the resulting product was neither suitable for absolute 
identification by means of combustion, nor by a melting point deter- 


mination, yet the experiment proves that some definite crystalline body 


is produced when the three factors, glycin, sodium benzoate and kidney _ 
extract, are allowed to react under suitable conditions and that all _ | 


2 2 are essential for its production. 


III. Influence of the end products of hydrolysis 
To ascertain whether the end products exert any retarding influence 


on hydrolysis and whether the enzyme shows any special relationship 


to either glycin or benzoic acid, the following fractions were prepared : 


A, B, 0, containing 16.6, of ot hippare eid nentralied with (= grm. 


D, B, F, „ 1 | ; 
a solu (= tem, 
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water, 


ak Std with «waned wo pag and 
shaken. Incubation was carried out at 87°C. for 48 hours. © 

To D, I, F, d, H, I were added 5 o.c. toed 
in the preparation of A, B, OC, whilst to A, B, C 5 C. 0. of water were added. The benzoic 
acid present in each was now estimated. After the deduction of 089 grm., the amount of 
| 


A 9866 D 0940 G "0985 
B E 99 H 
0 0085 1 


Benzoic acid in neutral solutions 3 exerts an inhibitory § in- 
s on the hydrolytic action of histozym, whilst glycin is quite inert. 
This suggests that the ferment is essentially related to the aromatic 
ring and may play a part in the aromatic metabolism of the body quite 
other than that of an adjunct to excretion. Some slight support is 
given to this hypothesis by the uneven distribution of histozym as 

investigated with the aid of minced organs by Minckowski and others. 
Furthermore it will be shown to exert a selective 1 8 action on 


00. NH. on oo. 


IV. Nature of its action on 5 i 

Hotte o in 1877, perfused a dog’s kidneys with defibrinated 
blood containing benzoic acid and alanine, and on subsequent analysis 
found traces of a substance resembling hippuric acid, but no steps were 
taken to establish its identity. Much later, in 1900, Wingleras observed 
that bensoyl-elanine was hydrolysed by permet: and also by the pulp 
of pigs’ kidneys. 

The actual cells, however, are not essential, for the reaction can be 
‘brought about by suspensions of histozym although not so quickly as 
the hydrolysis of hippuric acid. | 

in 25 0.0. of water. 


rm. of ferment preparation. 
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N. MUTOH. 
B contained · 545 grm. 
acid) neutralised with soda and dissolved in 25 o. a. of water. 
“8 germ. 
5 0. 0. of toluol. 
These were incubated in the usual manner for four daye and the 
benzoic acid estimated in each, 
From A was obtained 100 grm. of benzoic 0d. 
“thus demonstrating that histozym exerts a 
on W which is less — than that exerted on hippuric 
acid, 
Exp. 2. As send have 1 expected from the relationship already 
shown to exist between the ferment and the benzene ring, alanine does 
not retard hydrolysis at all. 


%'tẽ2L 
18 0.0. of water. 1 

50.6. of water. 

gm. of hey 
0.0. of water, 

5 0.0: of water containing -066 grm. of alanine, 

8 grm: of kidney extract. 

0. 6. of tolnolt. 


follows: | 
A 05136 em. C 0525 grm. 
B 02 D 06178 


en. 3 The benzoyl-alanine molecule contains an asymmetrical 
cniliet atom and consequently two optical isomers exist. . These do not 
behave io the same manner in the presence of histozym, the dextro.com- 
ee being much more readily hydrolysed than the laevo: 
4 contained 2°5 grms. benzoyl-alanine neutralised with soda; 
5 grm. ferment. 
100 0.0. water. 
10 0.0. tolnol, 


100 0. 6. water. 
Wee,tolooh | 
After incubation for 7 days at 57 C. 
solution treated as follows: 8 
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os A. To 50 0.0, were added 20 o.0. of 5%, mereuric chloride and the temperature raised to 
the boiling point. After filtration the solution was allowed to cool and was then 
refiltered into a 2-decimetre polarimeter tube = Tube (J). 

oe From 50 6.0. an alcoholic extract was prepared and evaporated to dryness, The 

= Tube 


| preprint ame 
way as Tube (II). 5 


toring raion 


Tube (1) 71° lsevorotation. 
Deduoting from the rotation 8 


—— 
unhydrolysed are: 
to (the by the addition of 200.0. of 
the numbers become 

Exp 4. Most cases reverse which have been described 
| ee involyed the formation of an optically active substance ; but the 
molecule of hippuric acid does not contain an asymmetrical sutton atom 

whilst that of benzoyl-alanine does, so that it might be expected that 
the synthetic production of the latter would be the more easily accom- 
plished. Such however is not the case. | 
3 grms. of alanine were added to a saturated 
of benzoic acid neutralised with soda and the whole made into a semi-solid mass by mixing 
with dried kidney extract. After incubation at 87° C. for a month an analysis was made 
but not even traces of benzoyl-alanine could be obtained. 

It appears from the above experiments that histozym can bring about 
the hydrolysis of benzoyl-alanine, but not so rapidly as that of hippuric 
acid, and that it affects chiefly the dextpprotatory i isomer: whilst the 
reverse action is even more difficult to. obtain than the ‘synthesis of 
bippuric acid. 


This work was undertaken at the suggestion of Dr F. G. Hopkins, 
F. R. S., to whom the author is also anne for constant advice. 
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Schmiedeberg’s technique. 
It is probably responsible for the synthesis of hippuric : acid in the 
body, as is shown by its following properties : 

(a) Its power of hydrolysing sodium hippurate is incomplete, an 


‘equilibrium point being reached when the proportion of hippuric acid 


hydrolysed to that unchanged is as 97: g. 
(8) By reacting on very concentrated solutions of sodium benzoate 


and glycin it produces in small quantities a substance Possessing the 


same solubilities as hippuric acid. 

( Its hydrolytic action is retarded by the presence of sodium 
‘benzoate, one of the end products of that action. 

It exhibits definite relationships to aromatic metabolism. 


(e) Sodium benzoate alone of the end products of hydrolysis retard 


the action of histozym on sodium hippurate. 
(8) The fermené can still exert its hydrolytic: action when benzoyl- 


alanine is subsituted for hippuric acid, the benzoyl group: es i | 


unaltered. 


in part Se eye Soi 
to Dr Hopkins and from the British Medioal Association to Dr Pembrey. : 


Bohmiedeberg. f. exp. Path. Phar. 
Minekowski. Ibid. xvm. 18883. 
(8) Bunge and Schmiedeberg. Ibid. vr. 1576. 
(4) Blumenthal. Maly's Jahrb. xxx. p. 363. 1900. 
(5) Parker and Lusk. Amer. Jour. Physiol, m. p. 472. 1900. 


(8) Henneberg, Stohmann and Rautenberg. Ann. Chem. Pharm. 102 


(7) Pfeiffer, Block and Riehe. Maly’s Jahrb. p. 364. 1902. 
(8) Wiekowski. Hofmeister’s Beitr. vm. p. 204. 1906. 

(9) Kochs. Pflüger's Arch. xx, p. 64. 1879, 
110) Abelous and Ribaut. Compt, Rend. 80. Biol. 1. p. 548, 1900, ahs 
Gl) Hoffmann. Arch. f. exp. Path. u. Phar. vm. 18977. 
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AMYLOCLASTIC PROPERTY OF SALIVA. 
the Tnatitute of Physiology, University aue. Landon), 

CONTENTS. 


d. 
. Concentration of substrate 197 


object of the present is examine conditions 


of activity of the amylase of saliva, with especial reference to the 


determination of amyloclastic power. Various conditions are known to be 
operative in modifying the course or velocity of the action of amylases 


upon starch. Such variable factors as the reaction of the substances, 
the concentration of enzyme, of substrate, and of electrolytes, as well 
as time and temperature, must be studied separately in order to obtain 
an idea of the extent to which they are liable to influence the result. 

Method. In determining the amyloclastic powers of salivas the 
procedure adopted has been as follows (the rationale of the method 
will be rendered apparent in subsequent sections):—The saliva is 
well mixed in order to secure uniform sampling; 5 c.c. of it are 
diluted to 50 cc, with distilled water and the mixture filtered. 
Meanwhile, a 3°/, solution of neutral soluble starch is prepared. If 


especially accurate results are desired it is an advantage to add about 
025 to 0% gram of pure asparagine to each 100 cc. of the starch: 


solution: In a 200 c.c. Jena flask previously well cleaned and steamed, 
is placed 50 cc, of the starch solution, the flask and contents are: 
placed dn a thermostat at 46°.C. and allowed to attain the temperature 
of the bath. Three cubic centimetres of the diluted saliva (at room 
temperature) are V to mix the 
12 
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contents. The action is allowed to proceed at 46° for ten minutes, at 


the end of which time it is stopped by adding 1 c.. of 5 N sodium 
_ hydrate and cooling in a stream of running water’. : 
The copper reducing power of the digest is then determined, on 
10 or 20 c. o., by Bertrand’s method, and the results are calculated in 
terms of maltose. The amount of maltose formed is, under the 
conditions of experiment, almost exactly proportional to the amount 
of amylase present. The results have been expressed as a rule as 
amounts of maltose per 100 C. of digest. In some cases the relations 
in a particular series have been rendered more clear by taking one of 
the results as representing 1, 10, or 100 arbitrary units of amylase as 


the case may be, and expressing the other results as ‘proportionate é 


amounts. 


Many previous workers have used a method similar to the above 3 
the method described here aims at securing more uniform results by 
keeping the conditions of experiment as constant as possible, In the 


determination of amyloclastic power by this method, two conditions are 
imperative. 


(1) The amount of enzyme relative to substrate must be small. 


(2) The time of digestion must be short. Only under these conditions 
will there be a linear relationship between the enzyme present and 
the hydrolysis produced. 

It is often of use to have shat may be called a “ digestion factor” 


for a series of determinations at a — temperature. The | 


digestion. factor is given by the ratio = , where A = wt of starch, in 


grams, taken, S=c.c. of saliva added, t= time of digestion in minutes. 
A suitable digestion factor is 0°5 at 46°. 


In the case of the great majority of n of human saliva the 


conditions outlined above are such as to ensure the reaction not passing 


beyond the “linear” period, but in case of doubt (or when using other 


enyzmes the extent of whose activity is unknown), some idea of the 
stage at which the reaction has arrived may be obtained by adding 


1 At room temperature this amount of sodium hydrate stops the action of the amylase 
completely, yet does not exert a destructive action on the carbohydrates, even if left 


standing for 50 hours. As an alternative 1.0. of 30 copper sulphate may be added. 


This reduces the activity at 46° to about 1°), of its former value and probably at room 
temperature the action would be completely stopped. Copper salts however are dangerous 


in some measure since they are often difficult to remove from the glass, and a coneentra- 


tion of Ou · of only one ten millionth molar can cause an appreciable reduction in the 
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7 ACTION OF SALIVA ON STAROH. 193 
ſodine solution to a portion of the digest. If the colour given be not 
blue or violet, the reaction has proceeded too far and a fresh digest must 
‘be made under such conditions as this preliminary test seems to 


The course of the hydrolysis. 
The course of the reaction was followed by allowing a small 
dquantity of saliva to act upon a large volume of starch solution at 
constant temperature. Portions of 50 c.c. of the mixture were pipetted 
off at known intervals of time, and the action of the enzyme stopped 
by addition of 0°5 cc, of 2N ammonia; the ammonia was then boiled 
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off and the solution made up to 50 cc. again. The density of the 
solution at .25° was then determined by means of an Ostwald pykno- 
meter. The total solids in the solution were then calculated by the 
use of an appropriate divisor from the tables given by Brown, Morris 
‘and Millarw. Polarimeter readings at 25° were taken with a three-field 
instrument reading to 001“, sodium light being used. The [aln values 
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of the solids were thus obtained. The cupric reducing power of 


the solution was also determined, and the results calculated in terms 


of maltose. From ‘these results the values of R, the percentage of 


maltose in the total solids, were calculated. The iodine reaction of 


each sample was also taken. The results are given in the following : 


table, and graphically in Fig. 1. The values given in the column 
‘headed ſaly calc.” were obtained by calculation from the observed 
reducing power by the use of the formula which Brown, Morris and 


Millar give in their paper and which they found to be fairly 88 


for the products of starch hydrolysis by malt amylase. — 


0 Blue 1-641 ¼ 104% 200% 
5 Chocolate 1-648 0˙878 848 176-7 179°5 
10 Red-Brown 1-67 0°874 523 1863˙0 168°5 
15 1-66 1:02 67°5 1509 169˙0 
20 Paule sherry 1-68 1-19 70-7 154°7 167-0 
30 Do. | 168 1-24 74-0 160 
45 1-69 184i 70-8 116 
50 2 1°67 — — 1490 — 

80 0 68 180 82˙0 uss 14% 
70 0 1-68 188 830 491 1490 
80 0 1 82°0 17 149˙8 
100 0 1-68 1:36 810 1404 13500 
120 0 1-68 1°36 810 149°4 1500 


It is seen from these results that che blae reaction with iodine has 
disappeared by the time R has passed a value of 30. Since in com- 
parisons of amyloclastic power it is advisable to keep below this value, 


as indicated by the results of Kjeldahl in the case of malt, the iodine 
reaction serves as a ready means of control. A glance at Fig. 1 shows 


that the reaction falls off rapidly in velocity when brown iodine — 


reactions are obtained, while near the achromic point the reaction is 
practically at a standstill, 


The fairly good agreement between the 8 and calculated . 


values of [a]p is of especial interest since it indicates very clearly that 
‘the products of the hydrolysis by saliva are identical stage by stage 
with those formed in the hydrolysis of starch by malt. It is not 


surprising therefore to find that the hydrolysis comes to an end at the 


same stage in both cases, namely when R= 81 and [alp 150. 
Maquenne and Roux have recently thrown some doubt on the 


reality of this ¢ end point and on the individuality of stable dextrinn. 
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. They show that if the malt be made: almost neutral’ the reaction 
proceeds more rapidly and that very soon ‘a reducing power equal! 
to 100 ½ of maltose can be obtained. I venture to suggest that 
polarimetric observations might have shown that they are really 
dealing with an increased activity of amylase ot a liberation of maltase. 
Thus Bierryw has shown that pancreatic juice when’ neutralised 
converts’ starch first to maltose and then more or less completely to 
glucose. Opinions seem divided as to whether saliva is capable of 
converting maltose to glucose. Miss Tebbo found that dried sub- 
maxillary glands contained maltase. Külz and Vogel and Neilson 
and Scheele agree that saliva can act as though it contained maltase, 
but Slosse and Limbosch@ are unable to confirm this, The following 
experiments indicate that some maltose is slowly hydrolysed and also 
show that measurements of reducing power alone may lead to erroneous” 
conclusions regarding the amounts of maltose formed. (The observa- 
tions are ones do not estimations on 


Exe. II. | 
10 hours 2 89-5 141˙2 Precipitate. 
20 „ 45 1820. 
24 * 100 ũ ö 1840 
65 ” 85 112˙ 0 181-6 


A mixture of one 8 dextrin, three parts maltose ‘nd one 
5 part glucose has a value for R of about 100 and an [a]p of about 134. 5 

The following experiment also shows that maltose can be converted 
into a substance of lower: ‘rotatory power by saliva, 


| Bus III. Solution of maltose of approximately 5 % strength. (Constants for the 
maltose were [a],=140°3, R101. It was therefore of good purity.) To 40 0. 6. of it were 

added 2°5 6.8. filtered ‘saliva + 2-5 b. c. water A]. To another 40 0.6. were added 5 c.c. of | 
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Taking 130˙8 as the value of [al p for hydrated maltose and 525 for 


that of the product, glucose, we have from 1 N nn the 


Wpetber the maltose scission is due to a specific a. or 
whether it is merely a particular aspect of the action of amylase itself, 
is a question which. does not concern us here. The hydrolysis of 


maltose is, moreover, a very slow process, so that the amount of 


after ten minutes is negligible. 


Epen of in amount of 


We have seen (Fig. 1) that the reaction proceeds at first it in a linear 15 
fashion; this is further shown by the following * in which & 


very small amount of enzyme is present. 


0-032 0-082 3 
V 00 
0004 Mean 
0044 
40 0241 -9°080 


tt is seen » that approximately equal. unte of maltose are Reed 


in equal times, This linear period is best explained by assuming that 


the enzyme is only able to attack a definite small fraction of the 
substrate at a time, so that the concentration of substrate remains | 
relatively constant in the initial stages. We should therefore expect 
that if the amount of the enzyme were varied, the substrate being still 


in great excess, the amounts of maltose formed at the end of a short 


time would be proportional to the amount of enzyme added. This is 


shown to be the case by such experiments as the following. 


Similar relations have been pointed out by Kjeldahl for malt : 
amylase. With salivary amylase varying results are recorded. Thus 


Bielfeldam and Maszewskian working independently arrive at the 
remarkable conclusion that variations in the amount of enzyme are 
without influence on the amount of sugar formed. Teznerus is of the 


‘same opinion, Simonds finds that the sugar formed is in less amount 


than required by the linear relationship. = 
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‘Exp. V. Enzyme solutions of varying concentration were prepared by suitable dilu- 
tions of filtered saliva 10, 20, 30, 40, 50 times ete, ee 
Digestion 10’ at 46°. 


of ensyme used 
0-077 10 
90160 1-94 

90202 2-70 
1. 1˙0 
2 0-284 1-95 

0-518 10 
2 0-084 1-81. 
1 0-145 
2 1˙7 
5% 8°7 
10 0-093 95 
0-078 900 
0-070 2 
0-052 53 
„ 0°046 | 47 
8 0085 


8 bn eh of the results of sh workers shows that in their 
: experiments the whole of the starch was saccharified. On working out 
the digestion factors they have used I find that Bielfeld's factor 
varied from ‘0042 to 007, Maszewski’s from 000035 to 002, 
Tezner’s 0017 and that Simon's factor at 37° C. was 00083. As I 
have stated a favourable digestion factor is ‘5. We may then fairly 


deduce that their conclusions have been vitiated by their having used 


too much enzyme, and continued its action for too long a time. 

Many other writers have used a digestion method followed by 
sugar determinations in order to determine the amyloclastic power of 
salivary or other amylases (Wroblewskiao, Lebede wan, Hofbauerue, 

Chittendenan). Their results to a extent at rate are open 
to — urged above. 


Concentration 


When varying concentrations of starch are used, it is found chat an 
3 concentration exists which will yield the maximum amount of 
sugar when a given small amount of enzyme acts W it. This is 
shown by the following experiments. 
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Bap, VI. Percentages 
of mallow i then 


dilutions. 
Todine reaction 
10% Blue 
0-28 Violet 
0°59 Brown 
0-39 ” 
20 „0 0˙19 Blue 
15 0˙1¹ 10 
0-86 
OD 0-18. | 
50%, 0-05 Blue 
4°0 0-088 
85 0-227 
25 0.506 Piolet 
20 9˙844 Brown 
1% 0-883 
10 0-242 
0% 0181 Sherry 


It is seen that the optimal. concentration is about 2 to 3%, 
higher concentrations yielding actually less maltose, while lower ones 
would tend to be too completely converted. It is for this reason that 


7 to 3 7 starch has been used for carrying out determinations, — 


It is of interest to note that similar inhibitory actions of high. 


| substrate concentrations have been found for. other enzymes (V. 


Henrias’ for for Evans for blood 


catalase’), 


in the colloidal of the soluble exert 
a great influence on the readiness with which the starch is attacked. 
Thus a hysteresis by standing in the cold reduces the rate of digestion 


enormously, The solutions must therefore be freshly prepared, 


Slosse and Limboscheh give 50° as the temperature of optimum 
activity of salivary amylase and they state, further, that between 50° 
and 58° the actiyity remains the same, They also give a list of the 
optima, as determined, nine previous workers and varying from 35° 
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AOTION OF SALIVA ON STARCH 199 
(Kühne) to 46° (Kjeldahl), The following is the result >i an 
experiment made to determine the optimum temperature. | 


Exe. VII. 


aro. 0-385 
0515 | 
84-0 
46-2 1-027 
47-0 102 

55°5 0842. 
69-0 0-045 


the optimal region over which variation of temperature has but little 


if any effect. When the experimental results are plotted graphically 
(Fig, » we find that this is | from 45°, curve 


Centigrade 
temperature within this range, since slight fluctuations in temperature 


(even of 1°) are then without an appreciable effect. A temperature of 


46° has been commonly used on this account. Salivary amylase in 


neutral solution is fairly stable as 


experiment shows: 


: 
7 
he 
775 
& 
2 
1 
5 
* 
— 
* 
ye 
* 
| 
AL 
— 
— 
7 * 
. 
as 
‘ 
— 
7 
— i 
* 
Wes 
niga 
- 
1 
7 
- 
x 
12 
* 


200 


Exr. VIII. 
5 drops tolnene added. Divided into two parts 
1 A kept at 46° for 2 hours, 5 
B 99 0° 

. Digest with A contained 0-21 % maltose. 
” B ” 023 „ 
(Diminntion ot efter hours wb 46°) 


The stability would most probably be still greater in the presence 
of substrate. 

The temperature of optimum activity doubtless varies somewhat 

with reaction of medium and with time of action allowed. The 

temperature of 46° holds only for the conditions here specified. 

Ford@) has shown that malt diastase is extremely sensitive to 


changes in reaction. Langley and Evesen and many others have 


shown that the amylase of saliva acts best in neutral solution. In the 


present investigation neutral soluble starch has been used throughout : a 
and vessels of Jena glass carefully steamed out and dried were used 2 


for preparing the starch solution and for carrying out the digests. 
Since very small amounts of saliva were used, the saliva was not 
neutralised, it having been found that the error introduced by omitting 


this ‘was negligible. In order to prevent changes in the reaction 


asparagin may be added, though sufficiently accurate resulte may often 
be obtained without it. 


mean results are: | 
Water 99905 


Total 
Other organic solids... onganio=0-41 
Chlorine 


aee eee ene 0-052 
Aa insoluble in water „„ 


100000 


The total amount of inorganic salts is small and apparently not 
subject to great, variations in the same individual. Thus saliva from 
the same person n, on es different days gave the 5 


0.466 % 
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ACTION OF SALIVA ON STA ROE. 201 
No attempt was therefore made to remove eleotrolytes by dialysis, 


since it was desired to compare. variations in the amylolytic action of 


the same person at various times, But there is a farther reason for 
not attempting to remove electrolytes. Coles has shown very con- 


olusively that various electrolytes, especially chlorides, accelerate the 


action of amylase very considerably, Miss Port ere on the other hand 
shows that dialysis in collodion, results in the inactivation of salivary 


amylase. A repetition of some of these experiments seemed to indicate 


that a removal of electrolytes is 1 for no small amount of 922 
inactivation. 


N. Allred saliva divided into thre portions of 10 


A was kept at 0° overnight and made up to 20 0. c. next day. 3 
B was dialysed in collodion sac and made up to 20¢.¢, next day. 
C was evaporated to dryness, reduced to aah whih war in wir, 


and made up 90 


Solution added to starch Maltose formed _ Relative activities 
5 0.0. A+5 0.0. water 9049 10000 . 
6 0.0. B+5 c. o. water 0°02 41 
5 c.c. B+6 0. e. O 3 


Dialysis causes a 96 %½ reduction in activity of which 20 ly is 


recovered again by adding the electrolytes. Had the ashing of the 
residue occurred at a lower temperature to diminish loss of chlorides 


the restoration might have been still more marked. Wohlgemuthos) 


arrives at similar conclusions regarding the inactivation by dialysis. 


I am grateful to Professor Starling and Dr R H. Aders 1 


— during the course of the work. 


, 
A method is Which is to give fairy accurate 


comparisons of the amyloclastic powers of saliva. 


2. The course of the action of salivary amylase upon starch has 


been followed. The products are apparently identical stage by stage 


with those formed by the action of malt. Later in the hydrolysis | 


glucose is slowly formed. 


3. When the ratio of substrate to enzyme is large the reaction is 
linear at the commencement. It is upon this fact that the method 
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used depends. Hence essential conditions are () small amount of | 


ar (ii) short period of digestion. 

Then, provided that less than 30°/, of the starch has been 
ee (de. the digest still giving a blue colour with iodine), the 
amounts of een formed are “proportional to the amounts of * 

4 Some fallacies often overléoked are pointed out. is 


5. The optimal concentration of starch is about 3 125 Above or 


3 below this, under the conditions of the method here described, the 
absolute amounts of maltose formed in equal times diminish, 
6. The optimum temperature for salivary amylase is 46°. 


7. of materials is ‘Previous of 
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THE ACTION OF THE Linx o THe ‘SIMPLER 
“SUGARS. By wa SMEDLEY, Bei 


(rom thé Lister 


In spite of the investigations of 1 numerous 3 the „ by 
which dextrose is transformed in the body remains completel: y unknown, 
No certain evidence has yet been obtained that sugar can be changed 
by: the action of any isolated organ, if the experiments. carried out on 
the isolated heart, in which alone the disappearance of sugar has been 
satisfactorily. established, are excepted (Locke and Rosenheim). The 
action of the body organs on the simpler sugars has however been little 
investigated. Experiments with the simplest sugar, glycollic aldehyde, 
were carried out by P. Meyer“ who injected subcutaneously doses of 
from five to ten grams; neither glycolic aldehyde, glycollic acid nor 
glyoxylic acid was identified in the urine but when doses of more than 
five grams were given, dextrose was detected. Injection of the corre- 
| sponding glycol (CH,OH—CH,OH) led to the excretion of en acid 
in the urine. 

I have carried out experiments in which solutions of giveallic 
aldehyde (CH,OH.CHO), glyceric aldehyde (CH,OH.CHOH. CHO), 
di-hydroxy-acetone (CH,OH.CO.CH,OH), xylose and dextrose were 
subjected to the action of minced liver tissue. a 

The glycollic aldehyde used was prepared by the method deaceibied 
by Fenton“. The solution obtained by heating a solution of dioxymaleic 
acid was used without isolating pure glycollic aldehyde. 

The solution of glyceric aldehyde was obtained by Wohl's method*; 
the ‘aldehyde was not isolated in the pure state but the syrup 

obtained on concentrating the solution of the aldehyde under diminished — 
pressure was at once used. In some of the experiments, the melting- 
point of the osazone showed that partial conversion into acrose had 
occurred ; in these, the reducing power of the solution was not entirely 
removed ‘after incubating with the liver tissue. » When however, the 
1 Locke and Rosenheim. This Journal, xxxvi. p. 206. 
physiol. Chem. xxxvut. p. 184. 1903. 


Journ, Chem, Soc. uxvit. p. 774. 1895. | 
Wohl. Ber. l. pp. 1796, 2394. Wobl aid Nenborg, 006 1900. 
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F 4 SMEDLEY. 


melting-point of the osazone corresponded with that of the pure 
glycerosazone (132°), the reducing power of the sugar solution completely 


disappeared after incubation. 


The method adopted was as follows: 40 cc. of a solution of the sugar 
to be investigated and 10 c.c. of anormal solution of sodium-bi-carbonate 


were added to 50 grams of minced pig's liver and the mixture saturated 


with CO,. After shaking for from 15 to 30 minutes, the mixture was 


left from three to four hours at 37. Ten c.c. of normal sulphuric acid 
and 50 c. of dialysed iron solution were then added and the whole 


made up to a known volume, generally to between three and five 


hundred ec. The reducing power of the filtrate was determined by 
Bertrand’s method. Control experiments were carried out in which 
an equal weight of liver and an equal volume of the sugar solution 


separately underwent similar treatment, and the reducing power of the 5 


three filtrates at the same degree of dilution was compared. 

In the following table the number of milligrams of copper reduced 
by 20 O0. of solution, are shown. 

Dentroses ) 192mg.Cu Img. 156 . 157 mg. +1 mg. 

„„ 
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not undergone polymerisation to a hexose. In (1) and (2) 


had taken place, ee 
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OF LIVER ON SUGAR 206 


It will be seen that no change in the reducing power of the solutions 
of xylose and dextrose was observed, nor did the solutions of di-hydroxy- 
acetone show any alteration in reducing power, but the reducing power 
of the solutions of glycollic and glyceric aldehydes disappeared or was 
umrkedly diminished. After treating a solution of glyceric aldehyde 
with minced liver for from three to four hours, the aldehyde completely 
disappeared ; the solution no longer reduced at ordinary temperature 
nor did it give the characteristic phloroglucinol reaction. The action 
of the liver is not comparable with that of dilute alkalis on glyceric 
aldehyde, for whereas the latter readily effect the transformation of this 
aldehyde into acrose, the substance formed by the action of the liver is 
without reducing properties and no longer therefore contains an aldehyde | 
or ketone group. | 

An enzyme capable of transforming-glyceric aldehyde but incapable — 
of acting upon dextrose must therefore be considered to be present in 
the liver. It is possible that this reaction may be considered to be a 
step in the normal metabolism of sugar and that the rapid removal of 
glyceric aldehyde by the liver may have prevented its detection. No 
evidence which would indicate the transformation of sugar to glyceric 
aldehyde in the body has however yet been obtained. 

It has been shown by Parnas that an enzyme, termed by him 
aldehyde mutase, is present in the liver capable of converting fatty 
_ aldehydes quantitatively into the corresponding alcohol and acid 

2RCHO + H,O = ROH, OH + RCOOH. 

Although isovaleric aldehyde and the higher fatty aldehydes are 
quantitatively transformed into the corresponding alcohols and acids by 
the liver tissue in vitro, yet the comparatively stable higher fatty alcohols 
have been detected neither in the liver nor in the blood. It is still 
therefore a matter of uncertainty whether fatty aldehydes are normally 
formed in the body and there undergo the Canizarro reaction as above 
Sine glycerol is the alcohol normally occurring in the body, it is 
possible that the work of the aldehyde mutase may be to produce 

glycerol and glyceric acid from glyceric aldehyde and that this may 
occur as @ normal stage in carbohydrate metabolism. I am at present 
investigating whether the action of the liver on the simpler sugars is 
similar to that described by Parnas on fatty aldehydes. . 
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‘THE .INFLUENCE OF VARIATIONS IN 
PERATURE AND BLOOD-PRESSURE ON THE 
PERFORMANCE OF THE ISOLATED MAM. 


MALIAN HEART. Br F. F. KNOWLTON aoe 


E. H. STARLING. 
(From the Institute of Physiology, University College, 0 


Tun isolation of the heart after the method of Newell Martino 
possessed certain advantages over other methods. The heart is 
supplied with blood properly oxygenated by the lungs and it pumps 
the blood against a measured resistance, and thus can be made to work 


under conditions closely approximating to the normal. The chief drawv- 


back to the method was that a comparatively large amount of blood 


was needed, necessitating the bleeding of a number of animals or the 


use of calves’ blood obtained from a slaughter-house. The toxic 


influence of such blood on 05 dog’s heart is evident in many of 


Martin’s records. 


By the use of the mercury resistance as described by Jerusalem 


and Starlings, the method is greatly simplified, the amount of blood 


required is much less, and it is possible to keep the heart nourished 
with the blood of the one animal. The one serions objection to this 
method is the contact of the blood with mercury. As the blood passes 


over and through the mercury enough is taken up to have a deleterious 
effect. The lung capillaries suffer first, and after a somewhat variable 


period pulmonary cdema usually terminates the’ experiment, We 


have therefore substituted for the mercury a more satisfactory 
resistance and at the same time retained the many obvious advantages 
of the method. 

Description of method. By this method it is possible to * 
the output of the left ventricle under approximately normal conditions, 


and to vary at will the arterial resistance, the venous pressure, the 


filling of the heart, or the temperature of the blood supply to the heart. 


The arrangement of the apparatus is shown in the figure (Fig. 1). : 
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_ Artificial respiration being maintained the chest is Opened under an 
‘anesthetic. The arteries coming from the arch of the aorta—in the 
dat, the innominate and the left subclavian—are then ligatured, thus 
cutting off the whole blood supply to the brain, so that the anmsthetic 
cam be discontinued. The azygos vein is ligatured. Cannule are 
placed in the innominate artery and the superior vena cava, The 
cannuls are filled beforehand with a solution of hirudin in normal salt 
solution, 80 as to prevent clotting of the blood during the experiment. 


| 
The descending aorta is closed by a ligature and the only path left for 
the blood is by the ascending aorta and the cannula CA in the 
innomninate artery. The arterial cannula communicates by a T-tube 
with a mercurial manometer to record the mean arterial pressure and 
passes to another T. tube v, one limb of which projects into & best- 
tube B. The air in this test-tube will be compressed with a rise of 
pressure and will serve as a driving force for the blood through the | 
resistance, It thus takes the part of the resilient arterial wall. The 
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a thin-walled rubber tube (ag. a rubber finger-stall) which passes 
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other limb of the T-tube passes to the resistance R. This consists f 


through a wide glass tube T, provided with two lateral tubulures ww. 
One of these is connected with a mercurial manometer and the other 
with an air reservoir A, into which air can be pumped by the elastic 
bellows S. When air is injected into T the tube R is compressed and 
will remain so until the pressure of the blood within it is equal or 
superior to the pressure in the air surrounding it. It is thus possible 
to vary at will the resistance to the outflow of the blood from the 
arterial side. From the peripheral end of R the blood passes at a 
low pressure and is collected in a vessel N, which is provided with 
a siphon and can be made of such dimensions that the blood is siphoned 
off as soon as 10, 20 or 30 c have collected in the vessel. A lateral 
branch on the siphon tube leads on a rubber tube to a tambour D. 
Every time that siphonage occurs there is a change of pressure within 
the tambour which is registered by the lever of the tambour. The 
siphon discharges the blood into a reservoir F, which is kept immersed — 
in a vessel of water maintained at any desired temperature by some 
source of heat. From the spiral below F an india-rabber tube leads to 
a cannula CV, which is placed in the superior vena cava, all the 
branches of which have been tied. This cannula is provided with 
a thermometer to show the temperature of the blood supplied to the 
heart. A tube placed in the inferior vena cava and connected with a 
water manometer shows the pressure in the right auricle. On the 
recording surface we thus have a record of the arterial pressure, of the 
output of the whole system, as recorded by the tambour, and of 
the pressure within the right auricle, In cases where it was desired to 
record the volume of the heart this was effected by means of a glass 
cardiometer and a float ö in the paper already 
quoted en. 


I. ft of hag the om 
and output of the heart and on the arterial and venous 
pressures. 


resistance, with accompanying changes in pressure in the coronary 
vessels and changes in tension of the ventricular walls, were found to 
be without effect on the frequency of the heart contractions, To 
pressures varying between 20 mm. and 200 mm. Hg the heart 
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with unaltered‘ rhythm and rate, provided the temperature 
of the circulating blobd remained constant. In one instance an 
apparent ‘alteration in rate was found to be due to the fact that the 
heart was beating with alternating weak and strong contfactions. On 
raising the pressure this irregularity disappeared to reappear when the 
pressure was again lowered. Our observations thus confirm those 
of Martin aud others. The various alterations in the cardiac rhythm 
which, in the intact animal, accompany vaso- motor and other activities, 
changes on the heart. 

on the output of the left ventricle. 
resistance, the arterial pressure being 20—30 mm. Hg, and raise the 
resistance gradually to a maximum, the output at first increases with 


Fig. a. pressure. output 0. 1 and 
time=10 secs. Temp. = 36 C. 


1 of pressure until a maximum * reached. This n is 
maintained until a point is reached at which the resistance becomes 
too great for the heart to overcome. The output then falls off 
rapidly (Fig. 2). 

The pressure range at which the greatest output was maintained 
was, in cats, between 102 and 150 in one experiment, from 84 to 154 
in another, from 80 to 120 in a third. In one experiment on the dog’s 
heart the range was between 54 and 108. The point of highest 
pressure at which we get maximum output maintained varies with the 
‘species and age of the —— of the heart at 
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the time of observation. In general it seems to lie neat he“ enge 


blood - pressure found normally in the animal. It is higher in the cat 


than in the dog, in agreement with the higher. blood-pressure normally 
oceurring in the cat. It is lower in younger and smaller animals whan 


in older ones of the same species. 


It may be of interest to note that the maximum eee (left 
ventricle) of the average full-grown cat was not for from 1 ec. per 
heart beat. Cardiometer records show that the volume, ‘both systolic 
and diastolic, of the ventricles varies with the arterial pressure, 
gradually increasing as the pressure rises and diminishing again 


Fig. 8. Sudden increase of arterial resistance. Temp. 34 C. A=ventricular volume. 
B =arterial pressure. O output of left ventricle. D=seconds and nero- pressure line. 


when it is lowered. When the pressure is raised suddenly the 


ventricle first dilates, then diminishes in size 2 its tone ne 


When a pressure which the heart is 
the dilatation then becomes extreme and the heart fails to recover its. 


tone unless the pressure is rapidly lowered, 7 
The initial improvement in efficiency with increasing 1 


resistance seems to be mainly due to the increased pressure and 


consequent improvement of the coronary circulation. The stimu- 


a factor. 
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In a few of the experiments we have calculated the work of the 
left ventricle from the formula w=v.p., v being the amount of blood 
pumped ont during a given time and p being the arterial Wos 
pressure recorded at the time. 
| The following is the result from Exp, 1. Cat. Weight of heart=15-5 gms. 


40 116 62°64 gm. meters. 
70 | 112 10561 „ 
22078 „ 
140 1150 „ 


with a heart (weight 19°5 | 
fem an older animal, the work amounted to 26753 gram meters, at 
an arterial pressure of 180 mm. Hg, the highest pressure studied. 
This was probably not far from the real maximum, as at this pressure 
1 output was beginning to diminish. | 

The results of five typical experiments in which the arterial — 
was varied while the venous 

constant, are shown in the following table: 


1. “Oat, 80 Weight of heart 15° gma. 


Art. resistance raised 350 58 102 2˙2—6 138-00 7:07 
Art. resistance raised 348 87 le 1880 707 
Art. resistance raised 3498 657 176 74-108 580 

Exp. 2. Oat; 3-9 kilos. Heart 15°5 gms. 
Art. resistance low 87°4 50 40 22 116-00 7°50 
Art. resistance raised 87°4 49 70 24 112-00 7°29 
„ 9 12800 7:80 
100 70 98°20 6°84 
” 55 367 47 140 62 61-00 8°94 
99 55 86°7 47. 150 80 44°30 2°86 
— 46 16 180 87°50 2°45 
stance low 85 61 
„ raised = 132 
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4 Small dog: Height of venous reservoir 10 cm. 
Art. resistancelow 86 82 84 
” 80 92 — 55°6 | 
5. Cat, Venous reservoir 6 om. 
Art. resistance lo, 
„ „ 86°5 76 126 610 


4 
* 
7 
* 
4 
| 


* 
* 


IL The influence of alterations on the venous inflow and the 
venous pressure on the rate and work of the heart. ; 
Changes of venous inflow produced by varying the height of the 8 
venous reservoir have surprisingly little effect on the different phases 
of cardiac activity, with the exception of the output. We were = 
unable to produce alterations in frequency by even extreme changes 
in the venous pressure, As the venous reservoir is raised and the a 
output of the heart increased, the arterial pressure as measured near . 
1, 2, 8. | 


Fig. 4. Effect of changes in venous inflow. A-=arterial pressure. B ventricular 5 
output. O = zero - pressure and seconds. 

1. Venous reservoir 6 m. Venous pressure 2°8—8-2 om. 
the heart naturally rises, although the arterial resistance is unaltered, : 
since the greater quantity of blood has to be forced through thesame 
resistance. The rise of pressure under these circumstances is only 8 
inconsiderable since a small rise of pressure serves to dilate the rubber 
tube of the arterial resistance and so allow the passage of a greater 1 
quantity of blood. The output was the one factor markedly affected 
(Fig. 4). Up to the limit of its capacity, the isolated heart will pump 
out from the venous side all the blood it receives and it does this 
without any change in the frequency of its contractions, Accordingly 
the venous pressure does not rise at first as we raise the reservoir, or 


— 
, . — 
125 
a 
We 
| 
| 
4 
} 
} 
| 
x 
— 
* 
* 
“a 
= 
ae 
5 
>. 
Z 
* 
* 
“4 
Vee 
— 
* 
. 
* 
* 
2 
4 * 


ISOLATED MAMMALIAN HEART 215 


- Fises only slightly. When we reach the point of maximum output the 
venous pressure rises rapidly, If the high venous pressure is main- 
_ tained, pulmonary edema always appears. For this reason high venous 
_ pressures are studied with difficulty. Unless they are produced 
momentarily and then lowered the consequent odema soon brings 
the experiment to an end. | | 
II therefore we have to obtain the maximal work out of a heart it 
is necessary always to measure the pressure in the right auricle by 
means of a cannula introduced into the inferior vena cava. The venous 
reservoir is then raised until this pressure just begins to rise. With 
an active heart considerable changes in the height of the venous 


Fig. 6. Sudden rise of arterial pressure. A= venous pressure changes. B=arterial 
pressure. O output of left ventricle. S=seconds and zero pressure line. 


reservoir may be made before they are reflected in the height of the 
venous manometer.. As the heart begins to fail in the course. of a 
long experiment the first sign of its failure is seen in the venous 
‘manometer, and if the experiment is to be prolonged it is necessary to 
lower the venous reservoir until the venous manometer returns to its 
previous height. If attention be paid to this point we can be certain 
of having a heart which has been working at the maximum of its 
physiological efficiency throughout the whole of the experiment. In the 
same way a temporary insufficiency of the heart is at once reflected on 
the venous pressure. In Fig. 5 a sudden rise of arterial pressure 

_ produced temporary dilatation and inefficiency of the ventricles, and a 
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corresponding rise of venous pressure and diminished output. ‘As the 
heart gradually improved under the influence of the increased circula- 
tion through the coronary arteries, the output increased and the venous 

pressure gradually came back to its previous level. The beginning of 
shi ist return of venous pressure is shown in the figure. These — 
are brought out in the following records of experiments. ) 


‘Exp. 6. Oat. 41 kilos. 
| Venous Output Output of 
& 6 „% S660 G0 810 
84 86 40-723 50 


Hi 

= & 


raised=26 em. 845 57 100 1200 


raised = 16 em. B80 86 


Under most conditions the frequency of contraction of the isolated | 
beart remains unaltered. To change of temperature it is extraordin- 


arily sensitive. Although there are a considerable number of observa- 
tions on the influence of temperature on the isolated heart, few of them 
were under conditions which so closely approach the normal. We have 
therefore studied the effects of change of temperature, especially 


through that range within which the heart is able to maintain an 


tables“. 
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om d's bar 


Cooling. 00 
throughout. 


‘Began Warming „„ 


S 


irregular ... 
42. 


L. 
8 


oS 
174-0 
1740 a 
‘ 
i x * 
1740 
"7 
1740 a 
| 1740 4 
N. 
191-2 
191-2 
3 
i 
191-2 4 
191˙2 
191°2 
— 
Heart — 
— — 
> 
7 
: 
x 
| 104°0 q 
100°7 
270 100-7 
26°56 100°7 
Heart to dilate 26°0 — * 
| 25.5 56-0 
sist. lowered 27 0 88 ˙1 4 
Art. resist. raised 28˙0 89 ˙1 
eee ove 
Venous reservoir raised 29°0 104˙ a 
80°0 104°8 
81°0 104°8 1 
— 
82-0 104°8 a 
a 
38 ˙⁰0 104°8 4 
340 1120 
850 112°0 
36 ˙0 112˙0 
112-0 
89°0 112°C 
| 42 0 112˙0 
104°8 | 
44°0 104˙8 
down to 28. 4 
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The minimal temperature at which the mammalian heart can beat 
against what may be called an average resistance varies between 23° 
and 26°C. As the heart is gradually cooled, when the critical 


temperature is reached it suddenly dilates, the output diminishes — 


rapidly, and unless the arterial resistance is relaxed and the blood ; 
warmed quickly the heart ceases to beat, often going into fibrillary 


contraction. 


In the case of a heart embarrassed by a cardiometer the critical 
temperature was 26° C. (Fig. 6). In other cases it was as low as 23°C. 


When the arterial pressure is relaxed as the heart is cooled, it may go 
on beating more and more slowly and fully until a much lower point is 
reached. 


"Fig. 6. Effeot of cooling, Sudden failure of the output and arterial pressure at 26° O. 


A=ventricular volume. B-=arterial pressure. O=ventricular output. D=sero-— 


The maximal temperature lies above 40°. The heart may continue 


beating for some time at a temperature of 45° to 46° but irregularities — 


in rhythm begin to appear at temperatures above 40°. | 

Throughout that range, which we may call the physiological range, 
i. ., within the limits in which it can do its work efficiently, each 
increase or decrease produces a uniform change in rate whether the 
temperature be high or low. If such effects are plotted as a curve 


(Rig. 7) they form a straight line, the variations from it being such as 


arise unavoidably from the method of experiment. 
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It seems therefore misleading to speak of a temperature coefficient 
for the heart. Though we can express the relation between the heart 
tates at any two temperatures by multiplying the lower rate by a 
factor, this factor will vary continuously with the temperature. By 
- ‘picking out two points on the curve we might obtain the coefficient of 
2 for a rise of 10°, in agreement with Snyder, but this coefficient 
would not apply to any other two points. Throughout the physiological — 
range the increment of rate is arithmetically proportional to the incre- 

ment of temperature. 2 


* 


Fig. 7. 
Only when the heart is beginning to fail as a result of exposure to too high or too lo 
a temperature do we obtain any deviation from the strict proportionality between the 
temperature and the rate of the heart beat. : aap 
Ot lite years a number of experiments have been made on various physical processes 
with a view to determine whether these are physical or ‘chemical’ in nature. If a 
| process is found to have a heat coefficient for ten degrees of about 2, the fact is regarded 
a an indication that the process is essentially chemical in nature. The same line of 
argument would lead us to the conclusion that the influence of temperature on the heart 
is mainly physical ; but surely the whole argument is somewhat futile. The increase in 
pressure of a volume of gas under the influence of temperature is proportional to the 
absolute temperature, and we call it a physical process. The change in the conductivity 
dl a solution of an electrolyte depends on any increase in ionisation of the solute, on the 
increased molecular energy or the velocity of translation of the ions, and on changes in 


‘ 
— 
* 4 
AY 8 
pas 
* 
. 
— +} ou 
ye 
7 an 
uv 3 
3 
| 
“a 
2 
. 
+. 
Er 
* 
* 
: 
3 
oy 7 dt 
* 
K. 
E. 
Zi 
2 
— 
aN 
28 
| 
C/ ⁵⁰⁰ʃꝗ%t:ði?“?? ̃ʃ˙ * 


P. KNOWLTON AND E H STARLING. 


the viscosity of the solation; When we deal with « renction ordinarily spoken of as 
chemical, we are dealing with a similar complex of phenomena, Even in such oases it is 
: difficult to say where a physical process ends and a chemical process begins,—in fact there 
is no line of demarcation. When a chemical process has been analysed it will have been 
brought into the domain of physics. Though at the present time a division between 
chemical and physical phenomena may often be convenient, though not logical, it is 
- gurely out of place when we are dealing with the nature of the phenomena occurring in 
the complex systems of surfaces which make up the living cell. 


In a recent paper Snyder sums up the results of a number of researches on the | 
influenos of temperature on physiological processes. Among certain curves that he gives 
we find one for the cat’s heart. This, like ours, is practically a straight line. He gives 


the temperature coefficient as 2-8, but the coefficient has to be varied continuously with 


the temperature, which seems rather a forced interpretation of a direct proportionality 


It will be noted from the tables quoted that temperature has very 


little influence on the output of the ventricle; at whatever rate the 
heart was beating the output remained approximately the same 

throughout a wide range of temperature, i, between about 33° and 
40°C. A diminution in output per minute was the first sign that 


the fall or rise of temperature was exceeding physiological limits. 


IV. „ teolatéd heart 


“Whatever may. be conteolling the heart isolated 


as in the method described remains susceptible to both inhibitory and 


accelerator impulses through the cardiac nerves, As indicated in the 


following table, the effects of stimulating the sympathetic and the 
vagus nerves were tested at a low and at a moderately high tempera- 


ture, The rate of the isolated heart beat at any temperature must be 


Toolated heart of dog. Effect. of stimulation of cardiac nerves. 


Beforestimulation 3387 14 110 
Stimulation of sympathetic 85-7 1960 
Betone stimulation 86°5 100 
Stimulation of left yagus... 
160. 
1130 
189-0 
1007 


S8 8828882288 


2 
i 
* 
xt 
3 
2 
Ay 
Be 
gts 
Bey. 
* 4 
: 
“a 
8 
} 
| 
| 
| 
| 
* „ 
4 
— 
* 
* 
* 
Stimulation e 1150 
‘ 
9 
* 
ar. 
N 


ISOLATED MAMMALIAN HEART. 219 


considered as a mean. Whatever may be the processes concerned they 
are susceptible both to retardation and augmentation by the influence 
ok nerve impulses. The influence of the accelerator nerves on the 
heart is shown in Fig. 8. We did not succeed in maintaining the 
irritability of the cardiac nerves in the cat’s heart when isolated 
in this manner sufficiently long to test the efforts of their excita- 


“Fes Stimulation of sympathetic nerves. A=arterial pressure. 
O=seconds and sero-pressure lins. 


(1) The rate of the isolated heart fed with normal oxygenated 


blood is determined entirely by temperature, being unaltered by 
changes within wide limits either of arterial resistance or venous 


pressures. 
3 (2) The rate of heart beat varies directly as the temperature, the 
curve showing its relation to temperature being a straight line. 
(3) Within wide limits, the output of the heart is * of 
arterial resistance and of temperature. 
(4) Up to a certain point the output of the heart 3 
to the venous inflow. When this point is exceeded, the venous. 


pressure rises, and cedema e supervenes. 


5 05) Newell Martin. Studies from the Biol. Lab. Fr 

i. p. 119. 1881. -Oroonian Lecture. Phil. Trans. Roy. ee 

7) Jerusalem and Starling. This Journal, x. p. 279. 1010. 
Snyder. 1908. 


vif 
78 
Fe 
22 
* be 
Ay 
2 5 17 
2 
55 
29 
on 
2 
a ‘ £ * 
E. 
28 & 
fg 
a 
42 
„ 
. 
5 
2. 
: 
Nae, 
> 
4 wk 
SUMMARY. 
5 
4 
{ 
* 
a 
3 
2 
* 
* 
* 
E 
A 
8 
7 
a 
* 
8 
2 
3 
* 
q 
1 
“9 
we 
7 
Rr 
* 
‘3 
ty 
: J 
ond 
* 
7 
4 
Re 
af 
. 


oe CRITICISM OF TWO METHODS FOR THE DETER. 
MINATION OF AMYLOCLASTIC ACTIVITY. Br 
O. LOVATT EVANS, Sharpey Scholar. 


(From the Institute of Physiology, University College, London.) oe 


IN a previous communication a method for the determination of the 
amyloclastic power of salivas has been described. It is now proposed 
to examine two well-known methods at present in use for this same 
determination. These methods are the Achromic point method and 
Wohlgemuth's method. 

achromic point method (Roberts h) has been used by Salk owskio, 
Cole, and others, The chromic time is assumed to be inversely 


proportional to the enzyme concentration. A similar method is used 


technically to determine the time required for complete saccharification 
of malt mashes. The following experiment serves to show that the 


relationship between chromic period and enzyme is by no means exact 


when the times e e ‘or when the e vary much in 
concentration. 


I. ͤ „ 


2 13’ 80” 3-7 
4 7 12˙2 
25-0 
40“ 80“ 1-0 
17’ 25” 23 
1 
2 360 | 25 
4 165” 6˙5 
8 55” 16°6 


The amount of 3 between the actual and aes enzyme 
concentrations by this method should be 8 with those una in 
the previous 
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It was thought that the discrepancies might be due to the fact that 
with different amounts of amylase the achromic points might correspond 
to different stages of conversion owing to a more rapid removal of 
dextrins by larger amounts of enzyme. In order to test this point: 
a series of experiments was made. Solutions of starch varying from 
15% strength were taken to the achromic point, some slowly with 
weak enzyme solutions, others rapidly with strong ones. The action 
was stopped by adding ammonia and boiling, the cupric reducing and 
rotary powers of the products were then determined as in the previous 
communication. Some difficulty was encountered in exactly striking 
the achromic point, as the last traces of reaction only slowly fade away. 
As a result of this we find that if in two cases there is even an apparently 
negligible difference in the iodine reaction, yet the effect on the 
substrate is by no means negligible as is seen by comparing the cupric — 
reducing powers in the two cases. oo beans e of 24 
experiments gave the following results: 


bebe. 
17’ 40’ 
5%), 5 72 161 158 0 40 


The close agreement between the values of [a ly found and [a lu cal- 
culated from the reducing power indicates that the products are in both 
cases identical with each other and with those of a malt amylase — 
hydrolysis. (The formula used for calculating [a ly was used by Brown, 
Morris and Millar for products of hydrolysis by malt@.) It is evident 
also, that the achromic point does correspond to an advanced stage of 


the conversion, in fact to almost complete conversion. The values of 


R however are a little greater for strong starch solutions than for weak 
ones. This seems to be due to the fact that with the weaker starch 
solutions the red reaction becomes extinguished earlier owing to mere 
dilution. Hence if a 1% conversion to the achromic point be made 
and then concentrated to half its bulk, a distinct erythrodextrin reaction 
can again be obtained. It seems reasonable to believe that if it were 
possible to follow the iodine reaction to the point of absolute disappear- 
ance, the achromic point would be found to correspond to a complete 
conversion, in other words to the establishment * the 4 position of 
Brown and Morris. 
This fact perhaps explains oe the method of determining chromic 
times does not 28 quantitative results in enzyme W with 
PH, ,.. 1 
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weaker enzymes the final state of equilibrium is attained with extra- 


ordinary slowness, as though the small amount of enzyme encountered 
an almost insuperable resistance towards the end of the reaction. | 
 Wohigemuth’s method This method also depends upon the 
reaction of the products to iodine. Equal amounts of starch solution 
are digested for equal times with varying amounts of amylase solution. 
That tabe in which the blue iodine reaction has just disappeared is 
noted, The value of D? is then calculated ; it represents the number 
of ds of 1% starch hydrolysed to erythrodextrin and maltose by 1 C. c. 
of saliva at temperature f and in time 2 (minutes or hours). | 
The method is very simple and rapid, but a consideration of the 
results obtained shows that they are only approximate. The volumes 
of amylase solution chosen are usually such as to form a geometrical 
rogression. Hence the results obtained are aleo in a 
progression. The following example from one of Wohlgemuth's papers 
(Biochem. Zeit. IX. 34, Versuch 2) showing the influence of Na and of 
Ou ions on the activity of dialysed saliva, will illustrate this point: 
| : When 1 0.0, water added to digest Di = 5. aie 
N 
55 10.0. NNO, pi, = 6. 
10% 10 * Di = 200. 


The volumes of saliva used were in geometrical 5 the 


common ratio being 1°6 [i. e. 0°01; 0016; 0025; 004 oc. etc]. Hence 


the only values obtainable for a series of twelve members would be 0, 5, 


8, 128, 20, 32, 50, 80, 125, 200, 312, 500. If the values of D in tbe 


case of addition of chlorides had been almost but not exactly 200, then it 
would necessarily have been either 125 or 312. On a priori grounds 
therefore, the method cannot be accurate when carried out in this 
way. | 
In the experiment given below the method as used by Wohlgemuth 
bas been compared with the method given in the preceding article. 
The figure shows these results graphically. 
On comparing the results obtained by Wohlgemuth with those of 
Cole, who used the achromic point method, it is evident that the latter 


method is much the more delicate. For detecting variations in 
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3 power, the achromie point method is quite satisfactory. 
For quantitative comparisons, however, neither method can be recom- 
mended. 


Exp. II. Fresh saliva diluted 1: 10 and filtered. This is taken as the standard and 
the amount of amylase it contains is called ten units. By suitable dilutions a series of 
seven amylase solutions was prepared from it so as to contain 9, eB. 5, 4 and 3 units 
respectively. For Woblgemuth’s the series 0-1; 0°16... c.c. was ‘used. t= 40°, 
For the sugar method 5 d. d. of 
asparagin for 10 at 49°. 


Wohlgemuth 's method Sugar method 

10 125. 92°5 

9 12°5 10 — — 

8 12°5 77˙8 8-0 

7 78 6°25 69°7 72 

6 78 6°25 630 65 

5 78. 6°26 53 

4 78 6°25 45:8 47 

8 50 40 85°38 8°6 


ia instead of 0-5 because the 10 unit” 


E 


ease found | 


Amylase Adel 
Fig. 1. c Wohlgemuth's method. 
Sugar estimation method. 
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(2) Roberts. Proc. Roy. Soc. xxxm. p. 145. 1881. 


(1) Evans. This Journal, v. p. 219. 1912. 


(8) Salkowski. Virchow’s Arch. oxx. p. 343. 1888. 
(4) Cole. This Journal, xxx. p. 202. 1904. 

(5) Brown, Morris and Millar. Journ. Chem. Soo. XI. pp. 115 and 281. 1897. 
(6. Wohlgemuth. Biochem. Etsch. rx. p. 1. 1908. 
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ON A MECHANICAL METHOD OF CORRECTING 
PHOTOGRAPHIC RECORDS OBTAINED FROM 
THE CAPILLARY ELECTROMETER. BT KEITH 
LUCAS, Fellow and Lecturer of Trinity College, Cambridge. 


For the investigation of rapidly changing potential differences, such as 
those observable in an excited nerve or muscle, the capillary electrometer 
owes its value to the discovery of Burch’ that from a photographed 
record of the movements of the mercury meniscus the potential difference 
_ acting on the electrometer at any moment can be deduced, even though 

the changes are so rapid that the electrometer fails to charge and 
discharge completely for each variation of potential. Burch’s method 
is well known, but must be referred to briefly here in order that 


the mechanical method of performing it, which I propose to describe, 
may be made clear. 
When a permanent difference of potentiul is suddenly established 
between the terminals of the electrometer and the movement of the 
mercury meniscus is recorded on a photographic plate travelling at 
right angles to the direction of the tube, the curve inscribed (“normal 
curve”) is found to be a logarithmic curve, provided that the capillary 
tube is of suitable form. Thus (Fig. 1) if at the point A a potential 
difference such as will eventually raise the meniscus to the level BC is 
suddenly established across the electrometer the path of the meniscus 
will be up such a curve as ADOC. At the time E the meniscus has 
risen through the distance ED whereas the actual potential difference 
is represented by ZF, so that if the position of the meniscus is to 
be corrected to represent the true potential difference acting at the 
time E, there must be added the length DF. If GD is drawn through 
D tangential to the curve at that point, and cutting the asymptote at 
G, then the subtangent TG will be found to be of constant length on 
Whatever part of the curve the point D is taken (this being a charao- 


teristic of the logarithmic curve). It follows that when once the length 


1 Prog. Roy. Soc. i. p. 89. 1890. The discovery was made independently by 
1894. 


— « 7 
7 
ED 
é ‘al 
— 22 
od . 
* 
— 
2 
4 
* 
. * 
* 
4 
* 
5. 
a 4 
a 
* 
* 
8 AS 
M 
J * 
~ 
4 
* 
— 
7 
* 2 
8.4 By? 
2 
a 
2 
a 
“oJ 
be 
5 3 


of the subtangent FG is known for any particular tube under given - 
conditions the momentary potential difference can be deduced from the 


photographic record of the moving meniscus even though the potential 
difference is changing and the position of the asymptote cannot be 
observed directly. Thus suppose that the curve ADO of Fig. 2 


represents the photographed excursion of the meniscus in an observation 
male with the tube which gave the normal curve of Fig. 1, the 
conditions of resistance in the cireuit being identical with those under 


which the normal curve was taken. We wish to find the potential 
difference acting on the electrometer at the point D. Draw the 


ordinate ED through D, draw @D tangential to the curve at D, and 


Ss 


Fig. 1. 


produce. ED and DG@ until the horizontal FG intercept 


between them is equal to FG the subtangent of the normal curve in 
Fig. 1. Then DF is the potential difference deduced from the velocity 
of the meniscus at D, and this added to D, the potential difference 


deduced from the position of the meniscus, gives EF the potential : 


difference at the moment. 


I will be evident then that if we can arrange a cross-wire over the 
photographic plate with the intersection of the wires at D (Fig. 3) and 


attach rigidly to this cross-wire an arm H, and if we rotate the arm 
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"about the point D until it reaches (when the crose-wite is tangential 


to the curve at D); and we have a body J able to slide along the 
vertical guide KL, the distance JD being equal to the subtangent of 


the normal curve, then the movement of H to H' will carry J to J’, a 


distance equal to the correction to be applied to the curve ADO at the 
point D. It is this method which I have used in the construction of a 
machine for correcting these curves mechanically. | 

Tho general principle of the machine may be most easily understood 
if reference is made first to the diagrammatic machine shown in 
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Suppose a flat plate bounded by the outline of the diagram to have. 


on it the straight guides AB, CD, EF, GH, of which the last three are 
parallel one to another and at right angles to the first. Along AB 
there can move the slide JK (the abscissa slide) which carries at right 
angles to itself the arm LK. Against the straight edge of the arm LK 
there rests a slide (the “plate slide”) having on it the photographic 
curve MNO to be corrected by the method of Burch. This slide is 
carried in a direction parallel to AB by any movement of the abscissa 
slide, but is free to move along LX; it has cut in it the slot PQ in 
which there fits the pin R, carried in the “ordinate slide” which is free 
to move along the guide GH. When the plate slide moves parallel to 


A it leaves the pin R unmoved, but when it moves along LE it 


Fig. 4. 


carries R and consequently the ordinate slide with it along GH. To the 


ordinate slide there is attached a flexible metal band which runs round 


a wheel free to turn on the pin &, and is fastened at its other end to the | 


“tangent slide” which moves along CD. As long as the tangent slide 


remains stationary any movement of the ordinate slide moves the pen 


slide,” te which the pin S is fixed, along the guide ZF, the travel of the 
pen slide being of course half that of the ordinate slide. The pen slide 
carries on the end of an arm projecting from it the pen V, which writes 
on a piece of paper fixed rigidly to the end of the arm LK. It is on 


this paper that the pen is to trace out the curve W F, which isthe 


corrected curve deduced from MNO. Oe 
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Over the photographic curve there is placed a microscope Z which 
is free to rotate about its optic axis, that axis being coincident with the 


intersection of a cross-wire carried in the eye-piece. The rotation of | 
the microscope is controlled by the “tangent arm” A’, which has a 
straight edge held in contact with the pin 7; this edge is parallel to 


one of the cross lines and is so placed that that line produced cuts 
through the centre of the pin. The pin is fixed in the “tangent slide” 


which is free to travel along the guide CD. The vertical distance from 


the intersection of the cross-wires to the path along which the pin 7 
travels is made equal to the subtangent of the normal curve taken 


under conditions identical with those under which the curve MNO 


was taken. If now the tangent slide is made to carry the pin 7’ along 
the guide CD and 80 to rotate the microscope until the long line of 
the cross-wire lies tangential to the curve MNO at any point (as shown 
in the figure), the displacement of the pin 7 from its position vertically 
above the cross-wire will be equal to the correction to be applied to 
the curve MNO at that point on account of the velocity of movement 


of the meniscus. Through the flexible metal band attached to the 
tangent slide the movement of T is transferred to & (as long as R is 
stationary), and so to the pen. | 


_ Suppose now that it is desired to deduce from the photographic 
record MNO the corrected curve WXY. Let the photographic curve 
be first moved to such a position that the abscissa line at M is under 


the intersection of the cross-wires, and the long line of the cross is 
parallel to the abscissa. The pen V will then be over the abscissa line 


W of the corrected curve. The abscissa slide JK is now moved 
upwards any small distance, and for the new position the curve MNO is 
brought under the intersection of the cross-wires by movement of the 


plate slide along LK, and the long line of the cross is made tangential 
to MNO at the point of intersection by movement of T along CD and 


consequent rotation of the cross-wire. These movements all affect the 
position of the pen relative to the paper on which the corrected curve 
is being inscribed. The movement of the abscissa slide moves the 


paper under the pen through a distance equal to the abscissa distance 


through which the photographic curve has moved under the cross-wire ; 
the abscissa values of the corrected curve will therefore be equal to 
those of the photographic curve. The movement of the plate slide 
along LK moves the pen along the ordinate of the corrected curve 


trough a distance equal to half the ordinate of the photographic curve. 


The movement of the pin 7 moves the pen along the ordinate through 
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a distance equal to half that required to correct the photographie curve 
for the velocity of the meniacus at the moment in question. If the 
angle of the photographic curve is a positive one as in the position 
shown in the diagram the movement of T is in the same direction 
as that of R, and the two movements are added together as a larger 
movement of the pen. If the angle of the photographic curve isa 
negative one as it would be if such a point as N were being corrected, — 
then the movement of 7 would be in the opposite direction to that of 
B, and the movement of the pen due to T would be subtracted from 
that due to R. 

We have then for any abscissa value of the photographic curve the 


pen moved to a corresponding abecissa value on the paper, and moved 
along the ordinate through a distance equal to half the ordinate value 


of the photographie curve plus (or minus) half the correction to be applied 
for the velocity of the meniscus. The pen therefore plots out on the 
paper, if a sufficient number of points on the photographic curve are 
taken, a curve with abscissa values equal to the original and corrected 
ordinate values reduced. to a scale of one half. In the diagram the 
corrected curve WXY is represented approximately as it would be 
obtained from MNO if the subtangent value of the normal curve were 
Such a machine as that shown diagrammatically in Fig. 4 would 
serve the purpose if the records to be corrected were always made with 
a given tube under constant conditions. For actual use we must 
introduce several complications in order that the machine may be 


applied to records taken with different tubes under varying conditions. 


In the first place we must be able to vary the subtangent value 
within wide limits. This value corresponds in Fig, 4 to the vertical 
distance from the line along which T slides to the intersection of the 
cross-wires. Fig. 5 is a drawing of the actual machine constructed’, and 
Fig. 6 shows the upper part of the machine so adjusted that the details 
of the tangent gear are fully in view. From these two figures the 
method of varying the subtangent value can be seen. The tangent 
arm A, which is geared to the microscope B through the wheels Gand 
D, engages the pin E, against which it is held by the weight O. The 
pin E is carried on the “tangent slide G which can be moved by the 
pinion H along guides formed in the main frame of the machine. The 


The machine was made by the Cambridge Scientific Instrument Company. I am 


8 


indebted to members of the Company’s staff for several important suggestions as to the 5 : : 


design. 
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small rectangular block on which T is mounted can be slid up and 


down a groove cut in the vertical arm of the tangent slide and can be 


‘clamped in the groove at any point by means of the screw X; a scale 


fixed along one side of the groove and a vernier engraved on the sliding 


block serve to register the vertical distance of the pin E from the axis 


of rotation of the arm 4 (ia. the subtangent value). The flexible metal 
band by which the movement of the pin F is transferred to the pen 


slide is fixed to a pin which can be seen in Fig. 5 or 6 at the extreme 


right-hand end of the tangent slide; it runs along underneath the 
tangent slide, passes round the wheel J which is mounted on the “pen 
slide” E, and is fixed at its other end to a pin on the “ordinate slide 


x 
> 


„ 


of the wheel J towards its attachment on the right-hand end of the 


ordinate slide, The band is a strip of phosphor-bronze such as is used 
for suspending the vibrator of an oscillograph ; it is kept tight by the 


weight M attached to the pen slide. The pen F is a small stylographic 


pen carried on an arm hinged to the pen-slide, and normally held just 
clear of the paper on the drum F by a light spring. 


The introduction of gearing between the tangent arm and the 
microscope is a necessity, because under some conditions of experiment 


_ the subtangent value may be so small that if the arm were fixed 
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directly to the microscope the pin E would have to come inside 


the microscope tube. The error involved in the use of this gearing is 


extremely small since the weight O prevents all backlash, and the gears 
are cut helically on wide wheels. | 
The tangent slide is mounted geometrically, as are all the sliding 


parte of the machine. The system used for all the slides which move 


horizontally is that they rest with three toes on a plane surface inclined 
at 45° to the horizontal, and are prevented from sliding down the 
inelined plane by two toes which rest against a straight shelf projecting 
at right angles from the inclined plane. The slides are held in place by 
gravity alone, being made heavy enough not to be lifted off tlieir 


guiding surfaces by any forces which can be applied to them in the 


working of the instrument. 


Fig, 6. 


used for transferring the ordinate values of the photographic curve to 


the pen. If the corrected curve were always plotted out in the ! 
proportion of 1/2, as it would be by the diagrammatic machine, it would 2 


often be too large to be contained on the paper. A lever is therefore 
introduced into this system between the “plate slide” M and the 
“ ordinate slide” IL to which the band controlling the pen is attached. 
This lever can be seen partially in Fig. 5; its lower end P carries a pin 


which engages with a slot Q cut in the plate slide, and its upper | 


end carries a pin R engaging with a slot in the ordinate slide. The 
fulerum of the lever is visible at Z in Fig. 7 which is a drawing of the 
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machine seen from behind. This figure shows how the lever (marked 
8) is situated beneath the main frame of the machine. The fulcrum 
can be shifted to different holes in the lever so that the ratio of move- 
ment of the ordinate slide to that of the plate slide can be 1/1, 1/2, 1/3, 
1/5, or 1/10. Of course when this ratio is altered the subtangent value 
must be changed in the same ratio so that the corrections applied to 
the curve may still bear the proper proportion to the observed 
The plate slide is moved in the direction of the ordinates of the 
_ photographic curve (shown at 7; Fig. 5) by means of the pinion U. It 
is mounted in the standard geometric method on the larger frame V, 


— 2 
ip 


Na, 


* 
— 


which can move in the direction of the abscissa of the curve and 
constitutes the “abscissa slide.” The photographic plate is carried 
geometrically on the plate slide, the screw W serving to adjust it 
in such a direction as to bring the abscissa truly parallel to the 
direction of movement of the abscissa slide V. 
A third necessary complication is the introduction of a variable 
ratio between the abscisse of the photographic plate and those of the 
corrected curve. The method by which this has been carried out can 
be seen most clearly in Fig. 7. The paper on which the corrected curve 
ds inseribed is carried on the drum F, which is fixed to the shaft 1. 
This shaft gears through the helical wheels 2 and 3 with a second shaft 
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VV 
into the racks 8 and 9. ‘The two racks are fastened at their lower 


ends to the abscissa slide P. The weight of the abscissa slide hangs 


therefore on the racks and tends to rotate the shafts 4 and 1. Rotaiion 


is prevented by a ratchet wheel 11 which engages with a pawl on the 
main frame of the machine. In this way the possibility of backlash 


between the racks and pinions and between the wheels 2 and 3 is pre- 
vented. The wheels 2 and 8 can be exchanged for others so that the “2 , 


of movement between the two shafts can be 1/4, 1/2, 1/1, 2/1 or 4/1. 
this way provision is made for altering the ratio eee aie 


values of the photographic curve and those of the corrected curve a 


inscribed on the drum. 


The abscissa slide is supported on the main frame of the machine by _ 
two shelves which run down the inclined members of the A frames. 


One of these shelves is plane the other has a straight V groove cut in 


it (visible on the right of Fig. 5); the abscissa slide has two toes resting - : 
on the plane shelf and one in the V groove; it is prevented from 


rotating about the latter toe by the fact that it is hanging on two racks 


geared into pinions on the same shaft. Any desired movement of the 


abscissa slide is effected by turning the drum by hand; for this purpose 
the drum is provided with a milled edge at its outer end. The pawl 
which engages with the ratchet wheel on the drum shaft and prevents 


the abeciasa slide from falling must of course be lifted when the absciass 


slide is to be lowered. 
The operation of the machine is as follows. The “normal curve” is 


first put on the plate slide and the abscissa is brought under the cross- a 
wires by means of the pinion U. The plate is then adjusted by means 


of the serew W until when the abscissa slide is moved the abscissa 


remains truly under the cross-wires, The tangent slide is then moved 
until the tangent arm is truly at right angles to the horizontal guide of 


the tangent slide; for this purpose a gauge is used. Next the eye- 


piece is rotated (without movement of the tangent arm) until one of the 


cross-wires is parallel to the ordinate of the photographic curve. The 


instrument is now adjusted to zero, and the pen is pressed down so that a8 
it makes a dot on the paper; this dot marks the abscissa of the corrected _ 


The subtangent value has next to be found. By movement of the 


abscissa and plate slides the plate is brought into such a position that 


the cross-wire is over the asymptote of the normal curve. The pen is 
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dot and the zero dot isa measure of the p. D. which produced the normal 
CURVE. The plate is now moved by the abscissa and plate slides until 


the cross-wire is over some point on the rising part of the normal curve 
such as Din Fig. 1. The pen is of course thereby brought nearer to 
the abscissa of the corrected curve. The tangent slide is now moved 


until the pen is brought back to the position which it occupied when 


the ‘cross-wire was over the asymptote. If the subtangent value 


(position of the pin E along the vertical arm of the tangent slide) is 


correct the cross-wire should now lie tangential to the normal curve at 
the point in question; the pin F must therefore be slid up or down the 
groove in the vertical arm of the tangent slide until that condition is 
realised, and must then be clamped. In this way the subtangent value 


for any normal curve is found mechanically without any calculation. 


Of course it has to be verified at several points on the normal curve not 


only as a check on the accuracy of the first setting but also in order to | | 
see whether the normal curve fulfils nearly enough the condition on 


which the whole use of the method depends, namely that it should be a 
logarithmic curve and consequently the subtangent should be the same 
for any point on the curve. When these operations are completed the 
plate is moved by the plate slide until the cross-wire comes over the 


_ tuning-fork record on the plate. The pen is depressed when the eross- 
wire is on the summit of one vibration, the drum is rotated and 80 


the abscissa slide is raised until ten vibrations have passed under the 
cross-wire and the pen is depressed again. The interval between the 


two dots so made is a measure of the distance travelled by the plate in 
‘05 sec. 


The curve made under conditions identical with those of the normal 


- gurve is now put into the machine for analysis. The speed of this plate 


is measured in the same way as that of the normal curve. If the 
speeds are not identical the subtangent value must be changed since 


the apparent velocity of the mercury depends on the speed of the plate. 
If S is the subtangent value of the normal curve and d is the distance 


| which travelled a distance d“ in the time is obtained from & = 8 5. For 


the purpose of corrections of this kind the groove along which the 


pin F can be moved is engraved with a scale of subtangents. When 
dhe centre of the pin is coincident with the axis of the tangent arm 
the seale reads zero. The divisions are such that 1 corresponds to 
a position in which an angle of 45° on a curve would cause the pen 
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gearing 
into the racks 8 and 9. The two racks are fastened at their lower 
ends to the abscissa slide V. The weight of the abscissa slide bangs 
therefore on the racks and tends to rotate the shafte 4 and 1. Rotation 
is prevented by a ratchet wheel 11 which engages with a pawl on the 
main frame of the machine. In this way the possibility of backlash — 
between the racks and pinions and between the wheels 2 and 3 is pre- 
vented. The wheels 2 and 3 can be exchanged for others so that the ratio 
of movement between the two shafts can be 1/4, 1/2, 1/1, 2/1 or 4/1. In 
this way provision is made for altering the ratio between the abscissa — 
values of the photographic curve and those of the corrected curve 
inscribed on the drum. : 
The abscissa slide is supported on the main frame of the machine by 
two shelves which run down the inclined members of the A frames. 
One of these shelves is plane the other has a straight V groove cut in 
it (visible on the right of Fig. 5); the abscissa slide has two toes resting 
on the plane shelf and one in the V groove; it is prevented from 
rotating about the latter toe by the fact that it is hanging on two racks" 
geared into pinions on the same shaft. Any desired movement of tbe 


abscissa slide is effected by turning the drum by hand; for this purpose 


the drum is provided with a milled-edge at its outer end. The pawl 
which engages with the ratchet wheel on the drum shaft and prevents 
the abscissa slide from falling must of course be lifted when — 
slide is to be lowered. | 
The operation of the machine is as follows. The “normal curve” is 
first put on the plate slide and the abscissa is brought under the cross- 
wires by means of the pinion U. The plate is then adjusted by means 
of the screw W until when the abscissa slide is moved the abscissa — 
remains truly under the cross-wires. The tangent slide is then moved 
until the tangent arm is truly at right angles to the horizontal guide of 
the tangent slide; for this purpose a gauge is used. Next the eye- 
piece is rotated (without movement of the tangent arm) until one of the 
cross-wires is parallel to the ordinate of the photographic curve. The 
instrument is now adjusted to zero, and the pen is pressed down so that 
it makes a dot on the paper; this dot marks the abscissa of the corrected — 
curve. | 
The subtangent value has next to be Wund. „ | 
abscissa and plate slides the plate is brought into such a position that 
the crogs-wire is over the asymptote of the normal curve. The pen is 
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dot and the gero dot isa measure of the P.p. which produced the normal 
curve. The plate is now moved by the abscissa and plate slides until 
the cross-wire is over some point on the rising part of the normal curve 
such as Din Fig. 1. The pen is of course thereby brought nearer to 
the abscissa of the corrected curve. The tangent slide is now moved 
until the pen is brought back to the position which it occupied when 
the cross-wire was over the asymptote. If the subtangent value 
(position of the pin along the vertical arm of the tangent slide) is 
correct the cross-wire should now lie tangential to the normal curve at 
the point in question; the pin I must therefore be slid up or down the 
groove in the vertical arm of the tangent slide until that condition is 
realised, and must then be clamped. In this way the subtangent value 
for any normal curve is found mechanically without any calculation. 
Of course it has to be verified at several points on the normal curve not 
only as a check on the accuracy of the first setting but also in order to 
see whether the normal curve fulfils nearly enough the condition on 
which the whole use of the method depends, namely that it should be a 
logarithmic curve and consequently the subtangent should be the same 
for any point on the curve. When these operations are completed the 
plate is moved by the plate slide until the cross-wire comes over the 
_ tuning-fork record on the plate. The pen is depressed when the cross- 
wire is on the summit of one vibration, the drum is rotated and so 
the abscissa slide is raised until ten vibrations have passed under the 
cross-wire and the pen is depressed again. The interval between the 
| two dots so made is a measure of the distance travelled by the plate in 

05 sec. : 

The curve made under conditions identical with those of the normal 
curve is now put into the machine for analysis. The speed of this plate 
is measured in the same way as that of the normal curve. If the 
speeds are not identical the subtangent value must be changed since 
the apparent velocity of the mercury depends on the speed of the plate. 
If S is the subtangent value of the normal curve and d is the distance 
travelled by it in a given time, then the subtangent value 8“ for a plate 
which travelled a distance d in the time is obtained from & = 8 . For 
the purpose of corrections of this kind the groove along which the 
pin E can be moved is engraved with a scale of subtangents. When 
the centre of the pin is coincident with the axis of the tangent arm 

the scale reads zero. The divisions are such that 1 corresponds to 
a position in which an angle of 45° on a curve would cause the pen 
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20 | 
to move 1 mm. The position of the pin can be read by means of the. 


vernier to 1/10 of this unit, and can be adjusted from 0 on the scale to 


50, This range covers all cases likely to arise in practioe. | 

When the subtangent value has been set the correction of the 
photographic curve is carried out point by point. The drum is turned 
so that the pawl moves over one tooth of the ratchet wheel on the 


drum spindle, the pinion U is turned until the photographic curve is 


brought under the intersection of the cross-wires, the pinion H is 


turned until the cross-wire is tangential to the photographic curve at 
that point, and the pen is then depressed so as to mark a dot on the 


paper. This process is repeated until the whole photographic curve 
has been traversed. The corrected curve will then have been dotted 


0 


out completely on the drum. The dots on the corrected curve will 
normally be separated by a horizontal distance of 2 mm. a dimension 


determined by the size of the teeth on the ratchet wheel; they can be 
spaced more closely if the drum is held in intermediate positions or 


more widely if the drum is turned through more than one tooth at a 


time. Fig. 8 shows a typical corrected curve taken straight from the 


drum and reproduced without being touched. It represents a diphasic 


response of the sartorius muscle of the frog. The dots above the curve 5 
represent time intervals of 0005 sec. transferred from the tuning fork 


vibrations. The distance between the observations made on the 


photographic curve will depend on the ratio of gearing between the 


The curve has been reduced in reproduetion. 
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drum and the spindle which carries the pinions 6 and 7. 8 


attached to the present apparatus allow that a movement of the drum 
over one tooth of the ratchet. wheel should correspond to a movement 
along the abscissa of the plate of Of, 
18, 26, 52 or 104 mm. 

The main object of the b 


of time involved in the ordinary use of Burch’s method. For the 
correction of curves by that method there are ordinarily required four 


processes, setting of the cross-wires on and tangential to the curve, 
reading of the ordinate height and tangent values on engraved scales, 
calculation of the corrected ordinates from these data, and plotting of 
the corrected carve’. The machine eliminates entirely the reading of 


scales and the calculation, and reduces the plotting to the mechanical 


routine of depressing the pen for each point. The result is a great 
saving of time, particularly when, as happens in most experimental 
work, a large number of photographic curves taken from a given 


‘preparation with the same capillary tube under like conditions of 


resistance in the circuit have to be corrected. The important point to 


be considered is how the use of the machine affects the accuracy of 


the process. The possible errors of the reading of scales, of calculation 


atid uf plotting may be cumulative in the ordinary method, and all add 


to that ‘fatigue which has so large an influence on the accuracy of 
observations of this kind, whereas when the machine is used the 
judgment of the operator enters into no process except the setting 
of the cross-wires,, Against these gains in accuracy there must be set 
the errors introduced by the mechanical parts of the machine. Of 


these I have attempted to obtain a quantitative estimate. 


For the estimation of errors involved in transferring the abscissa 
values of the photographic plate to the paper I placed on the plate 
slide a glass scale of 10 cm. divided to O1 mm. The scale is by Zeiss 
and can be read by estimation to 001 mm. The first point to be 


investigated was whether a movement of the abscissa slide over a given 
distance in different parts of its travel gave equal movements of the 


be method described by Garten (Arch. F. d. ges. Physiol. uxxxrx. p. 618. 1902) 
eliminates the reading of scales, the calculation and the plotting, but involves an addition 
of labour in the drawing of a new normal curve on a transparent plate for every change 
in the value of the subtangent. In my experience this would be a serious matter, since 


the subtangent value is changed whenever the velocity of the plate or the resistance in 


the circuit of the electrometer is changed. 
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pen over the paper. The gear between the drum shaft and the pinion 


shaft was set at the ratio 1/1, and the abscissa slide was moved 


so that the cross-wire of the microscope read 0, 5 mm., 10 mm., and so 


forth, the pen being depressed at each 5 mm. movement of the abscissa — 


slide, The paper was then taken off the drum, and the distance of the 
suceessive dots from the zero dot was measured under a microscopic 
comparator with the same glass scale as had been used on the abscissa 
slide, The following table gives the results obtained. 53 


20 17°38 8-998 4 
11 4-997 5000 


ks will be seen from this table that the movement of the pen foro 


given movement of the abscissa slide is constant over different parts of 
the range of movement within less than 0°1°/,. Probably some of this 
small error arises in the reading of the distance between the dots on 
the paper; the pen makes a clean round dot, but there is necessarily 
some latitude in setting the cross-wire of the comparator on the middle 


of the dot. The next error investigated was that of the ratio between 


the various gears introduced between the drum shaft and the pinion 
shaft. The table given below shows within what limits the distance 


moved by the pen varies directly as the nominal value of the gear ratio ; 


introduced. | 
365 1998 2000, 
The ordinate movements were investigated in a similar way. The 
table below shows that whatever part of the range of movement of the. 


plate slide is used the movement of the pen copies that of the plate 
slide within 01%. | 
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When the fulcrum of the lever is shifted. ee is . more 


Diane more 0 

1-004 1.000 
2-49 


It will that if the of ve is 
to be ‘actually 1/1, then the ratio for any other position of the fulcrum 
comes out too high by an amount of the order of 0°5°/,. It is evident 
that in reality the error lies in the 1/1 ratio being slightly too low, for 
a movement of 10 mm. on the plate slide with that ratio gives 497 mm. 
on the pen, whereas the pen should move 5-00 mm. since the movement 
of the plate slide should merely be halved by the mechanism of the 
metal band and wheel. This error can be seen also in the third table 
given above, where 10 mm. movement of the plate slide gives 4:97 mm. 


Instead of 500, 20 mm. gives 9°94 instead of 10:00, and 30 mm. gives 


1491 instead of 15°00. It appears then that the lever ratio is really 
within some 02 7 of its nominal value for all except the 1/1 ratio, 
which has an error of the order of 06 / 

The errors of the tangent gear were investigated in the following 
way. Upon the plate-side there was fixed a glass plate ruled with a 
rectangular net of lines 1 mm. apart. ‘The tangent gear was set so that 
the tangent arm was. vertical ; the intersection of the cross-wires 
coincided with the intersection of a horizontal and a vertical line of the 
net, and the vertical cross-wire was parallel to one of the vertical lines 


of the net. In this position the pen was depressed. Then the cross- 


wire was rotated by movement of the tangent slide until the vertical 
wire cut the intersection between the two lines of the net 2 mm. above 
the zero horizontal line ‘and 1 mm. to the right of the zero yertical line. 
The pen was depressed again. This setting gives a rotation of the 


eoross-wire through 26° 34 whose tangent is 5. By movement of the 
cross-wire until it cut the intersection of the lines 2 mm. up and 2 mm. 
to the right the setting for 45° (tan 45°=1) was obtained, and in a 


similar way n * 18’=1°5). If the lines of the net 
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are: truly ruled? and „ without error the dots on’ the * 
paper should be distant from the zero dot 1 : 2 8. The following 


table shows the actual distances observed under the comparator; the 
observations were made on both sides of the zero line (positive and 
negative angles), and owing to the difficulty of setting being greater 


than in the measurement of the linear movement five ani inca : 


were made in each case. 


Positive Angles. 


Tangent of Movement of 
— — — 
wires were rotated open, Obs. Calc. 


“The error of 1 in these . does not amount 

to 03%, but is rather greater than that involved in the linear motions, 
This is probably due in part to instrumental error and in part to the 
| greater difficulty of setting to the required angular movement. There 
is also some inaccuracy in setting the tangent arm to its zero or ‘vertical 


position. It will be noticed that the mean movements of the pen or 
negative angles are slightly higher than those for positive angles ; such 
an error must result if the “zero” position of the tangent arm is slightly | 


inclined towards the side of positive angles. 


The errors of the subtangent scale were. estimated in a similar way. 5 
That there is a measurable error in the setting of that scale can be 
seen already from the table given above. The scale is supposed to be 
so placed that an angle of 45° should cause a movement of the pen 
through a ‘number of millimetres equal to the reading on the sub- 
tangent scale, The tangents of the three angles used in the tests were 
0%, 1 and 18, and the reading of the subtangent scale was 280. The 


between vertical rulings agrees with thet: hetween 
0.1%. The horizontal and vertical rulings are at right angles within the limits of 


accuracy of setting the cross-wire, 


College for suggesting the method and for the * wn 
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movements of the pen should therefore have been 12°5, 25 ·0 and 37°5; 
the actual means of all the observations (positive and negative) are 
12°68, 25°11 and 37°60. The subtangent values are therefore higher by 
about 03 % than the readings show. For the purpose of estimating 
the errors of proportionality of the subtangent scale the movements of 
the pen were measured for given angular movements of the cross-wires 
with different subtangent values, The following table shows the results 
obtained ; the value for 25-0 on the snbtangent scale is taken from the 
table given above, and the other values.are each the mean of three 
readings. | 


‘Tangent t of angle | 


25-0 1-0 511 1 
87°5 10 87-64 1°499 1-500 


The general result of these tests is to show that in the abscissa and 
ordinate movements the proportionality is maintained within less than 
0-1 % and in the tangent movement the error is less than 0°3°/,. The 
_ alteration of ratio in the abscissa movement involves no error greater 
than 0˙1 %, but a change of subtangent value may involve as much 
as 04%, and a change of ordinate ratio as much as 0˙6 /. Also 
the inaccurate setting of the zero of the tangent gear may cause the 
movement of the pen for a given negative angle to exceed that for the 
same positive angle by as much as 09%. Of these errors the last is 
the most considerable, but fortunately it is merely a matter of more 
careful adjustment and is not an inherent error of the machine. The 
error of setting in the subtangent scale scarcely enters into the 
ordinary use of the machine, since when a set of curves is corrected for 
comparison one with another the subtangent value will be almost 
identical for all of them, the only change required being a very small 


correction for differences in velocity of the different photographic 


plates. This error may however become more serious if after the 
subtangent value has been found from the normal curve it proves 
necessary, on account of the size of the curves which have to be 

corrected, to reduce the size of the corrected curve by using a smaller 
ordinate ratio and consequently a proportionately smaller subtangent 
value. In a case of this kind the error introduced will be a slight 
inaccuracy in the subtangent value used for all the curves subsequently 
corrected. The error introduced by a change of ordinate ratio enters only 
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in the same way as that of the subtangent scale. The important Point 
to be noticed is that so long as the finding of the subtangent value from 


the normal curve is carried out with the same ordinate ratio ak is used for 


the correction of the curves, both absolute and relative values of the 
ordinate ratio and subtangent values aré practically of no importance. 
In this case we have only to reckon with the possible 01% error of the 


abscissa and ordinate movements and the possible 03°), error of 


the tangent. mechanism, errors which are well within the: lait of 
accuracy of setting on the photographic curve. 


Tho cot of constraction of this apparstas was defrayed by « grant trom the Gover. 
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THE GASEOUS METABOLISM OF STRIATED MUSCLE 


IN WARM-BLOODED “ANIMALS. PART 0 By 
F. VERZAR, Budapest. 


(From the Physiological 


| Many e have been carried out on the influence of muscular 


work on general metabolism, and by this indirect method mostly in the 


papers of Zuntz, Johannson, Attwater and Benedict and their 


schools, many data concerning the gaseous metabolism of acting muscle 
have been collected. These researches however, carried out as they are 
on the whole organism, are complicated by the possibility of secondary 


changes taking place in the other organs of the body. 


Experiments have also been done with artificial transfusion of 
isolated muscles mostly by the school of Ludwig (Rubner, Frey)@. 
The most satisfactory way of determining the respiratory processes 


of muscle is clearly to estimate the gases in the blood running to and 


emerging from it. 
A historical account of the researches which have been carried re | 


on this subject need not be given here, they are for the most part well 
known; by far the most physiological of these were the experiments 
performed by Chauveau and Kaufmannw on the levator labii 


superioris and the masseter muscles of the horse. The former muscle 
weighs about 20 grams ; its contractions took place in the normal process 
of chewing ; the amounts of blood obtained were in every case measured. 
The introduction since their day of a new and simple blood gas 
technique made it desirable to reinvestigate the blood gases of muscle. 

Method. For the purpose of the present paper it was necessary to 


obtain @ muscle nerve preparation which should fulfil the n 
| conditions : 


1 The disposition of the veins must be such that the blood of the : 


. muscle, uncontaminated by that from other tissues, can be easily and 


accurately collected. 
2. The work done by the muscle or. contenetiont 4 must be 


susceptible of measurement. 
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3. It must be possible to make the preparation without prejudicing 


its functional powers. 

4. The animal must not suffer from loss of blood, hence the blood 
emerging from the muscle must pursue its ordinary course to the heart 
except when it is being actually collected for analysis. 


In the cat’s sciatic-gastrocnemius preparation described below the 


contractions of the muscle can be registered with a facility approach- 
ing that which may be obtained with the frog’s gastrocnemius and 


excellent contractions can be ovens: both ny diteot and by reflex 


stimulation of the nerve. : 
The operation is as follows. The anzsthetised 


with A. C R. mixture and a subcutaneous injection of 1 gram of urethane — 


per 2 kilos: body weight is made. The operation is carried out on a 
table artificially heated from beneath. Tracheotomy is performed. 
Cannule are placed in the common carotid for the measurement of 
arterial pressure with the kymograph, in the carotid of the other side, or 

the femoral of the unused leg, for the withdrawal of arterial blood for 


analysis, and in the jugular vein for the injection of hirudin. The animal 


is then turned over and placed on its abdomen, the sciatic nerve is 
disseeted out and the fat is cleaned from the fossa poplitea The 
process of reaching the sciatic nerve involves the cutting of some muscles 


(biceps femoris etc.) and consequently the ligature of their arteries and 


veins. 


The most important thing in this operation is to tie all the * 
of the v. femoralis except that from the gastrocnemius so that we only 
get the blood from the muscle. I therefore cut the skin as far as 


the tendo Achillis, cut the tendon, put a thread round it, raise the 
muscle up and cut the m. soleus from the tendon. There are many veins 


which go through the gastrocnemius to the muscles under it. Usually — 
just under the head of the gastrocnemius are one or two large veins. _ 
The muscle now is connected only at the knee with other tissues. After 


this I put the muscle back in its place, sew up the skin, and turn the 


animal over. The higher parts of the vein are then isolated from the 
fossa poplitea to the v.saphena. For this purpose it is best to cut away 
nearly all the adductor muscles, which is easily done without any 


bleeding; only then can we be . sure that no other branch of the 
vein remains 


A cannula is placed i in the v. 3 When collecting the blood a 
bull -dog' forceps is put on the central part of the femoral vein and 


into the cannula. 
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GAS METABOLISM OF MUSOLE. 2245 
on the opening of the v. saphena, This must be destroyed or nies the 
cannula is pushed. up to the lumen of the femoral ol course 
without closing it. (Fig: 1.) 

The oxygen absorption of the blood was measured 5 Bareroft’s 
differential apparatus. At his suggestion saturated blood was placed on 
one, and arterial or venous blood on the other side of this apparatus. 


— ats nae, vein. 


TABLE I. Rating 


per niin. | 
138 
0086 


— 


0 


— 


16˙5 


0837 

5208 
06688 
2780 

0782 19°7 

1500 

0581 

0843 

0940 


1˙11 
1-66 


0887.28 10˙1—80˙8 
2.0. O, used per 0.0. blood-flow 0.0. blood-flow em. muscles 
per minute. per gm. and 


ased for average: 
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Moreover the quantities of blood were checked by subsequent measure- 


ment of the total oxygen capacity of each sample. The pressure of 
oxygen has been calculated from the percentage saturation a = use 


of * curves given by Baroroft and Orbeli a 


* 


of weed. tn tock 


In the first table I have given a summary of all values of the amount 
of oxygen used during rest and the rate of blood-flow. In this table 
some values are used from experiments made in another connection. _ 


The oxygen used per gm. and minute gives an average value 


of 00448 c. O, equal 6:03 x 10 gm. O2. 


musole. 
10 

419 10 


It will be seen that my results agree closely with 8 


In the table are given also the rates of blood-flow through the resting : 
muscle. These show very different values. Also the values calculated 
per gm. and minute differ very much, they vary from 03373208 0% 


| It must be mentioned here that in all experiments the sciatic nerve 
had been cut about ten minutes before taking the blood samples. After 


the nerve had been cut the blood-flow always became quicker, as shown 


in Table II. This has been mentioned also by other 8 
“TABLE II. Rate of uod 


Normal Sciatic nerve cut 


46 0.6. per min. 550 6. 0. per min. 
%%%½½ù * igs 
* ty ” 1:88 2’ ” 


5 


m- time relations of the gen absorbed by the muscle 
to the work which it performs. 


In connection with some experiments on the oxygen absorption 


during muscular work I obtained the remarkable result that the oxygen 
consumption of the muscle seemed to be very little increased, and in 


cases even diminished, during tetanus, On further investigation I 
‘The etimations here been done af 1 0 Lac. O, 760mm. and 0° 


0014278 gm. 


The value found by Chauveau and Kaufmann i is for the resting | 


* 


Nir 
— 
j 
} 
ka 
8 
* 
2 
8 {oa 
. 
. 
Sty 
2 
* 
2 
| 
** 
* 
7 
* 


‘ 


G48 METABOLISM OF MUSCLE. 247 


came to the 1 that the oxygen which is used by an active 
muscle is not only used during but also largely after the contraction. 
The experiments are as follows: 


After making the preparation described above, the tendon’ Achillis 


= was connected with a myograph. I registered (1) the blood-pressure, _ 
the muscular contraction, (3) the blood-flow ; the blood flowed from 


the vein into a graduated 1 c.c. pipette and I marked in the usual way 
with an electrical signal the time at which the blood mentees — 


| 


In Table III I give threo of these experiments ‘aki Figs. 2-4 also 
a ee reproduction of the oxygen absorption i in these cases. We 
map turn firstly to these figures. Time is plotted along the abscissa and 
the oxygen consumption along the ordinate. The black areas indicate 
the total amount of oxygen used by 1 c.c. blood, as obtained from the 
analysis of one sample. Since each area corresponds to the oxygen used 
from 1 ¢.c. of blood the figures also show the rate of blood-flow. The 
‘same results are to be found in the tables, where the oxygen absorption 
for each period is calculated for one minute. It seems quite clear that 
the oxygen used by the muscle is increased some time after the 
contraction. In Exp. I, 24 mins. Exp. II, 3 mins. Exp. III. 1} mins., 
after the contraction there was still an increased oxygen consumption. 
The muscle was always tetanised during the time necessary for 1 cd. of 
blood to flow out. The work done was about 70 gm. cm., but it must be 
noted that this was only so in the first moment of the tetanus. The 
muscle sdon relaxed in consequence of fatigue, and often it was aad 2 
babe little shortened at the end of the tetanisation. 
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The first criticism to which these experiments may be subjected is, 


chat the blood estimated after the contraction does not tell us anything 


about the time when the oxygen was used, as it may have been blood, 
which was actually in the muscle during the contraction. To test this 
it was necessary to estimate the quantity of blood which is in the 
muscle at one time. Were this quantity let us say 3 c.c. then of. course 
we could not judge the oxygen used by the muscle after the contraction 


till at least 3 c. o. of blood have been collected subsequent to * 


relaxation. 
These estimations I made in che following. way. The muscle was 


prepared as usual, the artery and vein were isolated. Under both 
vessels was laid a thread and this tied so that both were closed at the 


same moment. Then into each was put a cannula and the muscle was 
transfused with Ringer solution till the fluid coming out from the vein 


had no colour.” The quantity of blood was calculated by the amount of 


hemoglobin, comparing the washing fluid with diluted blood: In five 


cases I got numbers: 
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2 „ 
Average 6 0.0, | 


(The first value, „ high as it was noticed ‘ake re 
touching the muscle a good deal of blood came out from the blind end 
of a tied anastomosis. However I have kept it as a maximal value.) 
We find therefore that a gastrocnemius of about 20 gm. contains about 

5 cc. of blood or 2°5°/,. In the Handbook of Heinz we find a value of 
2%, This value does not seem so unreasonably small if we remember 
that the greater part of the blood of the body is in the intestines, the 
heart and the great vessels, and only about } remains for the large mass 
formed by the muscles, connective tissue, bones etc. 

The bearing of the above consideration upon our problem’ is as 
follows. Of the *5c.c. blood present at one time in the muscle we may 
take 3, 17 . for the artery, for the vein and for the capillaries. For 
us the only part of the blood of importance is that which is actually 
in the muscle during the contraction and which comes out later, namely 
the blood of the capillaries and the vein, de. 34 c Now we may add 
also the blood which is in the cannula about 1 cc. Adding these 
quantities together we cannot get a larger value than 5 Ce. for the 
blood which did not actually enter the capillaries of the muscle after the 
tetanus commenced, The first 2 0.6. I did not use for my analysis and 
therefore there remains ss the small value of 3 c.c. to which error can 
be attributed. 

Looking at Figs. 2-4 we see that the increased oxygen intake of the | 
musele is maintained for a long time—sufficiently long for several cubic — 
centimetres of blood to run through the muscle. Take for instance in 
Exp. III the third post-tetanic sample, i.e. from the beginning of the 
tetanus the fourth c.c. which was analysed. The blood which passed 
through the muscle between these samples was not measured but must 
have been also three or four c.c. The sample in question then represents 
the seventh or eighth cc. which came from the muscle after the con- 
traction, indicating that the muscle was still using some excess of 
oxygen. As it is quite impossible that also the second or third o. c. 
coming out after the contraction has been in the muscle during it, this 
result cannot * for by such an error as we have considered. 
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A second criticism may ite that the muscle must necessarily take up 


oxygen after the contraction, since the blood passing through the muscle 


at the time of the contraction is so small that the muscle cannot get 
enough. When the blood-flow was very slow, or the arterial blood 
contained very little oxygen, I did get cases like this. But in these 


cases the venous blood did not contain any oxygen at all showing that 


all had been used by the muscle. This condition did not occur in the 


experiments given in Table III; it will be seen that the venous blood | 


pain contained much oxygen. 


Pin 6 nd The tracings in order from above are:—1. Blood-flow. . Muscle 
dontraction. 8. Blood - pressure. 4. Time in seconds. 


Thirdly it might be asked how far the result is accounted for by the 


change of the blood-tlow.. The oxygen used in Table III is calculated 
per minute from the oxygen absorbed by 1 c. and by the blood-flow. — 


Now we shall see that in most experiments the blood-flow becomes very 
much slower during contraction. Hou far may this fact cause 4 
postponement of the oxidations? ~~ 


Before going into this question we may sg 8 a word or r two about tie 


blood-flow muscular 
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3 of Sadler, Gaskell, Dogiel, Humilewsky, 
Burton-Opitz and Tschuewsky¢-1 that on stimulating the nerve 
of a muscle, the blood-flow is greatly modified. I may mention the 
changes which took place in my experiments. Figs, 5 and 6 show a 
simultaneous récord of blood-pressure, muscular contraction and blood- 
flow. The last was registered by placing on the end of the venous 
cannula a pipette which was connected with a Marey tambour. In 
Fig. 5 the muscle was resting, in Fig. 6 it was stimulated. The straight 
line in Fig. 5 shows that during rest the blood-flow registered by this 
method gives a very constant line. The whole elevation of the tambour 
corresponds to about 1 c When the muscle was tetanised (Fig. 6) we 
see that in the moment of the contraction a good deal of blood is pressed 
out, the blood-flow line goes up very steeply. Then during the tetanus 
it stops absolutely and begins only when the muscle is relaxing. After 
this an increase of the blood - flow often follows as may be seen in 
Figs. 3 and 4, where the time of one rectangle (1 c.. blood) is much 
decreased after stimulation. Sometimes the increase begins during the 
stimulation. Often the blood-flow does not stop except at the first 
moment and then increases more and more. Though much has been 
written on this question we still do not know. exactly, whether the 
change in the blood-flow is due to stimulation of nerves or only to 
mechanical compression. In my experiments I found that very much 
depends upon the strength of the stimulus, which would favour nervous 
action. I shall return to this subject in a later paper. | 

In this way, when a part of the blood stops in the big l 
and does not lose more oxygen than normal, it will give perhaps a 
smaller value for the oxygen use during, than before the contraction. 
This is the explanation of Exp. 16, where we find a less oxygen use per 
minute during the tetanus. As a matter of fact no conclusions can be 
built upon this decrease of oxygen use, as it is oertainly caused by the 
change of the blood-flow. In other cases, where the blood- flow is not 
decreased so much, we find a little increase of oxygen use during the 
contraction. Nevertheless, this blood in these cases is not largely 

reduced’ during contraction, it still contains a good deal of oxygen 
which suggests that the muscle is in no way asphyxiated during the 
contraction, The large amount of oxygen used subsequently cannot 
therefore be attributed to insufficient blood flowing through the — 


Quite clear are also two experiments which I have done with . 
5 ‘nduetion shocks in place of tetanus One of these is Exp. 19 (Table IV). 
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Here the time taken to collect 1 C. of blood never decreases, but 
often increases. The increase depends on the number of stimuli used, 
as after each induction shock there is a stoppage, the duration of 
which is very trifling compared with that produced by tetanus, which 
is followed by an increased flow, The total effect of successive shocks 
is therefore a summation of these effects. Now there is, as Exp, 19 
shows, a considerable increase in the blood-flow not only during but 


also after the period of stimulation, and it is also clear that the total 


increase in oxygen ee 
is caused by a tetanus. 


We may here mention also that the fact of more oxygen being | 
taken up during a long period after the contraction can hardly be 


explained as a lag due to diffusion. In the case when CO, is secreted 


from the muscle to the blood it is clear that some time may elapse 7 


before the CO, arrives in the blood through the capillary wall. But in 
the case of oxygen, this leaves the blood for the tissue. It will begin 


to leave the blood at the same time as the muscle demands it. Possibly 
it will continue to leave the blood after the call for oxygen in the tissue 
bas ceased. Remembering how near the lumen of the capillaries is to 


the place where the oxygen is used, probably not more than 10, and 
knowing that oxygen diffuses quite quickly, it is difficult to believe 
that any appreciable influence is caused by this. 


What is the significance of the fact that oxygen is taken up aii 5 
only during but also a long time after the contraction? Its most 
obvious explanation is that the assimilatory process follows upon the 
_ break-down—as indicated by the time when the oxygen is used. Let 


us see how this stands in relation to our knowledge of muscular energy 
| changes as indicated by other lines of research. 


The experiments of A. V. Hillan have shown that after muscular 


contraction heat is produced, and Fletcher and Hopkins us demon- 


strated the probability of oxygen being used for re-establishing lactic 


acid in its previous place. That oxygen is used after the contraction 


harmonises well with these results, as it shows that the oxygen is taken 
up during relaxation and makes it more and more clear that the oxygen 
used by the muscular machine is not responsible for the energy of the 


contraction in the same sense as it would be in a heat-engine when 


the actual energy is derived from the oxidation of the fuel. The 
contraction process is not necesgarily an oxidation, but probably it is 


only a break-down from already established material built upon by 


— involving oxidation. This rebuilding which i is connected — a 


we 
ay 
‘ aE 
0 
4 
ie 
— 
272. 
* 
J 
13 
— 
. 
a 
ir 
aa 
Ds 
. 
N. 
* 
— 
* 
K 
a 
¥ 
7 


per min. per 


44 00 00864 0002 
57 9046 00861 
“0025 
-0062 
9004 
* 


flow c.c. 

Arterial per min. 
51 
48 
100 
95 


* 
— 
¥ 
3 


253 

Pal 

62 

~ 

2 

8 

* 

> 

— 
> 

" 
24 
2 * 
77 
>: 
a D> * 
— — 
2 
5 

8 

2 

jin 


oxidation, takes place partly during, but largely after the contraction, 


as I found an increased oxygen use not only during (Exps. 17, 18) but 


largely after the contraction. This is, I suppose, the explanation of . 


my results. | 
Production of carbonic acid, 


It would be very interesting to know the time relations of the CO, 


production as well as that of the O, use, as it: would be possible then 
to calculate the respiratory quotient for a certain time. This, however, 
is impossible, as the CO, has to diffuse out from the muscle before 
it arrives in the blood. In some experiments I measured the CO, 

(Table IV) in the blood and found a great increase. There are some 
other considerations, which make the interpretation of such a result 
difficult. On increasing the blood-flow, CO, is washed out from the 


tissue, just as quick breathing washes it out of the blood. Now in 
these experiments, the blood-flow has always altered in rate and it is 


difficult to say how much may be accounted for in this way. However, 


the maximum apparent CO, output is at about the same time as that 
at which most oxygen is used. As Boh rum has pointed out, the CO,. 


must have an influence in turning out the oxygen from the blood, as it 


diminishes the quantity of oxygen which can be absorbed by the blood 
at low oxygen tensions. This is done much more by the lactic acid of 


which we shall now speak. 


%% 
gaseous eqn e. 


Tbe next part of this research has been done on the question of the 
production of acids and their relation to the oxygen in the blood. It 
was shown by Barcroft and Orbelia» that the quantity of oxygen 
taken up by blood at a given tension of oxygen is greatly decreased b 


acids, and it was also shown by Mathisonas that acids accelerate the 
rate of reduction of arterial blood. This acceleration is caused also by 
carbonic acid and it is supposed to be due to the effect of these 
substances in changing the hydrogen ion concentration. Mathison and 


also v. Schréttera® suppose that these substances must have a great 


influence on tissue respiration, but this has not been proved as yet. 


* 


It is known that during muscular activity acids are produced. It is 
therefore probable that blood after muscular activity can take up les 
oxygen than before. The method of measuring the amount of acid 
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~~ noquired by the blood is that used by the expedition recently sent to 
Col d’Olen by the Royal Society. A short account of it was given at a 
meeting of the Royal Society (1912, Jan. 18). If we add to arterial 


and investigate the percentage saturation of the blood with oxygen at 


of the blood with 
oxygen. Such a 
Scale for cat’s arte- 


as CO, has also an 

influence upon the 10 

‘dissociation curve, 

the blood mut 


always be shaken Fig. 7. Cat's arterial blood at 18 mm. O, pressure. 


we may calculate the quantity of acids added. 


‘standard tension of 18 mm. is much decreased, from which we may 
also” say that the blood became less alkaline (Exps. 21, 22, 23, 
Table VI). 


Fig. 8. These values, however, are only approximate on account of 
the roughness of the method used, moreover the compositions of the 
acids produced are not quite known. In Fig. 8 the black areas are 


tetanus of 84 seconds, when the in the 


GAS METABOLISM OF MUSOLE. 255 


blood successively known amounts of lactic acid (in Ringer solution) 


a certain oxygen the 
quantity of acid 


added to the blood 
is related to the per- 
centage saturation 


rial blood is shown 
in Fig. 7. It must 
be mentioned that 


with air to free it | 
from CO,. With the help of this scale if we measure the percentage 
saturation of a certain blood sample under the same oxygen pressure, 


Three experiments of this kind have been done and all showed that 
after muscular activity the oxygen absorption of the venous blood at a 


The scale shown below tells us the amount of acids acquired by the 
blood. This has been calculated for Exp. 21, and is shown also in 


real measurements, the ...... calculated values. Taking the whole value 
of acids with this graphic method it can be calculated that about the 
equivalent of 003 gm. of lactic acid is secreted in the blood after a 
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‘present. It might therefore be presumed that if enough oxygen is in 
‘the blood and air all the lactic acid can be replaced in its previous form, 
as Fletcher and Hopkins suppose, or be oxidised as other authors 
think. It is therefore important that the normal animal produces acids 
during muscular activity, and also that these are excreted into the 
blood, in other words are lost to the muscle and ‘can therefore not 
‘be directly reinstated by oxygen in their previous position. However, 


_ these observations could be brought more nearly into touch with those 


: It is known that great muscular activity makes the blood acid, but 
on the other hand, Fletcher and Hopkins seemed to show that acid 
in frog’s muscle is replaced in its previous form if enough oxygen is 
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of Fletcher and Hopkins if we suppose that the major portion of the 
acids produced was rebuilt in on muscle and that only a portion found 
its way into the blood. 

It may be mentioned here that 1 my animals have been narcotised. 
How far my results may be influenced by this I cannot say as yet. : 

From these experiments it is evident that the blood coming from 
the muscle can take up much less oxygen at this pressure (18 mm.) 
than previously. In addition, as I have mentioned, the blood in the 
vein contains also an increased amount of carbonic acid which has also 
an influence of the same kind as the other acids, so that this decrease 
must be very great, Taking only the influence of the non-volatile 
acids, probably mostly lactic acid, for which the scale is calculated, we 
see that blood coming out from the muscle after a tetanus, containing 
about 05 % lactic acid, can hold up only half as much of oxygen at 
18 mm. O, pressure as before. Unless we have to do with blood 
which is completely or almost completely reduced, a given percentage 
saturation of oxygen in the venous blood will indicate a much higher 
oxygen pressure in the vein than if the venous blood had been more 
alkaline. Since the diffusion of oxygen from the blood to the tissues 
depends on the difference of O, pressure the oxygen can get more 
easily into the muscle. Within limits an automatic system is set 
up by which the acids produced raise the oxygen pressure in the 
blood and provide a higher head of pressure, from which a more rapid 
oxygen diffusion can take place and a greater quantity of oxygen can 
diffuse into the tissue. As we have shown above, the greater part of 
oxygen is used after the contraction, and it is interesting to know that 
at the same time acids are secreted into the blood which can act in this 
way. At the moment when the muscle is specially demanding oxygen, 
it can get it more easily. We see here a case in which the constitution 
of the blood is of great importance to the ee 


A 8 is described with which it is possible to get the 
isolated blood of the cat’s gastrocnemius. 
4 The oxygen used per gm. and minute of a resting muscle is 
6˙03 x 10-* gm. O, or 00448 c.c. 

The muscle uses not only during, but also for a long time after, the 
contraction more oxygen than before. It is concluded that this means 
that the oxygen is —* used for a recovery process. 
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00, and other acids (probably lactic) are produced i in great 3 N 


tetanus. 


These acids turn out oxygen from the blood 6 that the muscle can : 


use it more easily. 


The quantity of blood in muscles is about 2°5 /. The rate of blood- 
flow is decreased during muscular activity and increased after it, as has 
been shown earlier observers. It becomes after cutting the 
esciatic. 


I am ‘much indebted to Prof. Langley for allowing me to ie in 
the Cambridge Physiological Laboratory and to Mr J. Barcroft for | 


much kind help and advice during this work. 
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THE RELATION OF BLOOD-FLOW TO METABOLISM 
IN THE SUBMAXILLARY GLAND. BT JOSEPH 
BARCROFT FRANZ MULLER (Berlin) 


“(From the Physiological Laboratory, Cambridge.) 


_ From the commencement of research on the subject of tissue metabolism, 


which may be dated from the early investigations of Ludwig and his 


pupils, it has been a matter of considerable interest to decide whether 


or no increased blood-flow through an organ caused increased con- 


- sumption of oxygen. The literature of this subject is well known, a 


review of it up till 1907 may be found in the Ergebnisse der Physiologie, 
vu. pp. 705-707. The work bas so far chiefly been done on muscle. 
It seemed desirable to extend it to glandular structures. 

The present paper deals with a certain phase of the problem, its 


object may be stated as follows: given a blood-flow which is not 
_ abnormally slow through a gland, and suppose this to be increased 
up to the full extent of that which would take place during functional 


activity, will the oxygen taken up by the gland be the same in the two 


cases or will it be increased in the second ? 


In the first place it is necessary to decide what may be considered 


as the normal blood-fiow. 


Our experiments have been 88 on the submaxillary gland of 
the cat; the published data of blood-flow through this gland are very 
scanty, we therefore give in the following table a summary of the results 


of a number of experiments performed by one of us during the last few 


years. 

i Between · 25 and ‘80 0.0. of blood per gram per minute in 15 exps. 
80 „ 85 55 55 „* 55 
„ „ 0 ” 99 ” 1 


40 „ 45 55 57 „ 3 
- These numbers are rather lower than those quoted for the dog d, d. 


It will be seen that in 15 experiments the most rapid rate of blood- 
the slowest was 0°25 c.c. 
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We have 8 considered anything below 25 C. c. per gram per : 


minute as indicating a definitely abnormal condition. : 

There are many substances, the injection of which into the blood 
stream produces dilatation of the blood vessels, Those which we have 
tried have with one exception proved unsuitable for our purpose, 
because they also caused a flow of saliva in a greater or less degree— 
even after section of both the chorda tympani and the sympathetic. 
Tissue extracts, for instance, as is well known, usually cause a fall 
of blood-pressure. An extract of the duodenal epithelium which 


contains secretin, will if injected into the submaxillary artery cause 


a slight flow of saliva. The same is true of extract of salivary gland, 


choline and tetraliydropapaveroline. We are indebted to Mr P. P. 
Laidlaw for giving us a sample of the last mentioned reagent. The 


action of all these is a faint reflection of that of pilocarpine. 


The exception which we have found is yobimbinw); this body injected : 


into the arterial stream close to the point of origin of the submaxillary 


artery induced a dilatation which was equal to that obtained by stimu- 


lation of the chorda tympani, but did not cause the least vestige of 
salivary secretion. Our experiments therefore chiefly deal with the 
effect of yohimbin. 

There are other methods of changing the blood-flow which may be 
used; for instance, it may be hastened by clamping the dorsal aorta, 


but the range of acceleration which we have attained by this means 
(about a two-fold increase) is in no way comparable with that which 
takes place when the chorda tympani nerve is stimulated. We have ; 


therefore given no account of such experiments and pass them over 


with the statement that no appreciable change in the gaseous exchange 


of the gland was observed. 


We may now describe the course of a typical experiment. ‘The cat 


was anesthetised with A. 0. k. A subcutaneous injection of urethane 
was made which served as the ultimate anesthetic. Cannule were 
placed in the left carotid artery for the measurement of arterial blood- 
pressure, the left femoral artery for the abstraction of arterial blood for 
analysis, and the left femoral vein for the injection of hirudin. The 
intestines, stomach, pancreas, and spleen were then removed so as to 
minimise the effect of any depressor substance should it get into the 
general circulation. The chorda tympani was ligatured and cut, the 
cervical sympathetic cut and a cannula placed in Wharton’s duct. The 


common carotid was followed peripherally and all its branches were tied 


except that to the submaxillary gland; into the central end of one of 
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Fig. 1. Upper tracing=general arterial pressure. Middle tracing=time in seconds. 


4 c.c. of a 1% solution per kilo. The chorda tympani and sympathetic 
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the branches near the submaxillary artery a cannula was placed for the 
injection of the yohimbin. The veins were then dissected out and a 
long cannula inserted into one of the large branches which unite to 
form the external jagular ; it was pushed along this vein till its orifice 
was close to the opening of the submaxillary vein and then tied in its 
place; all the neighbouring vessels were tied—the blood from the 
submaxillary then runs towards the heart except at the times at which 
it is necessary to collect it. The whole of the dissections take about 
70 minutes. 


Lowest tracing=blood-flow from gland in tenth of a cubic centimetre, also point of 
injection of yohimbin. A-—B=blood through undilated vessels, C—D through dilated 
vessels. 


Fig. 2. Upper tracing arterial pressure, lower tracing rate of flow of blood as above— 
this line is 87 mm. above the base line of the B.-P. tracing. Speed of drum as 
in Fig. 1. 


Hirudin was then injected into the ‘femoral vein, the dose being 


were tested before and after the injection of yohimbin to see that the 
gland was in good condition. Fig. 1 represents the further course 
of the experiment. The arterial pressure at the commencement was in 
this case 70 mm. of mercury. At A we commenced collecting venous 
and arterial blood for analysis. Each was collected from the cannula 
into a horizontal 1 c.c. pipette graduated in j,c.c. As the meniscus of 
the venous blood passed each graduation the operator — the time 


with a key and electric signal on the drum. ; 
18—2 
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In most experiments each sample consisted of 1.c.c. of blood. In this 
one, each was ig d The collection of the sample ended at B. The tracing 


shows that the blood came at quite a uniform rate -O c.c. of blood left : 


the gland in 122°5 seconds. The drum was stopped whilst the samples 


were being placed in the blood gas bottles of the differential apparatus. 


The apparatus used was that described by Baroroft and Roberts for 
1 cc. of blood The yohimbin nitrate was then slowly injected into 
the arterial stream’, the clamp of the venous cannula being transferred 
to the jugular vein, so that the injection passed through the gland and 


not into the general circulation. The injection consisted of 0°1 mg. of 

_ yohimbin nitrate in 1 C. of Ringer's solution (in Exps. 1 and 3 the 
injection contained 0°2 mg.) The yohimbin nitrate used was the pure 
dtrug as made by Th. Teichgräber (Berlin S.). The injection took about 
one minute. During this time the blood from the gland, mixed with the 
yohimbin, flowed from the venous cannula, the injection of the drug 
caused practically no fall in the general arterial pressure. A moment 
deuffioes to place a pipette in the venous cannula and collect the blood 


which is now gushing out at a great rate; 0°7 c.c. was collected in 


12 seconds between Gand D. The blood-flow again was steady. The 


rate of flow of blood was therefore increased about tenfold. It was at 
the end the usual rate following stimulation of the chorda tympani. 


The yohimbin leaves the secreting properties of the gland unimpaired, — 
nor does it produce any poisoning of the gland as indicated by the 
gaseous metabolism, for the following are the figures in two experi- 
ments (a) before the yohimbin was injected and (b) subsequent to 


the passing off of the dilatation. . 
| Exp.1 ks 
Before dilatation 0•017 0. o. 0°024 0.0. 
Subsequent todilatation 0-017 0. o. 0˙024 b. o. 


Three experiments (1-8) of the character described were made; to 
adventitious. | 
The results are tabulated on the following page. 5 
In none of these cases was there any saliva secreted. during the 
dilatation. From the figures given it is clear that the increased 
oxygen metabolism if it occurs as the result of increased blood-flow 
even up to a tenfold velocity is not outside the experimental error 


these we add another (Exp. 4), in which the dilatation was purely 


of the methods at our disposal and is not at most more than about — 


10 ½¼ of the exchange of the resting gland. | 
: In some of the other experiments, the carotid was clamped during the injection. 
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the simple injection of Ringer's fluid containing no yohimbin. For an 


016 c.c. per g. per min. to 11 c.c., an increase of nearly 700 %, 
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— 
i!1' 
0-090 c.c, 0-097 0.0, 


Controls were undertaken in two The first of was 


instant there is a very rapid flow of fluid from the gland vessels, 
probably as the result of the reduced viscosity of the fluid. This flow 
was not maintained however. Fig. 2 shows what happened. Before the 
injection of Ringer’s solution the blood was flowing at a uniform rate. 
After the injection each 1 c.c. collected took longer to come than the 
preceding one till at about the 8th or 9th tenth the flow had dwindled 
to that of the normal condition. 

The second control was by way of testing whether the operative 
procedures and the injection of hirudin and yohimbin had affected the 
metabolic activity of the gland. After an experiment like that described 
above had been made and the yohimbin dilatation had passed off, we 
stimulated the chorda tympani. The metabolism increased from 


SUMMARY. 

The rate of blood-flow in the submaxillary gland of anæsthetised 
cats with the nerves to the gland cut varied in 15 experiments between 
25 and °45 b. d. of blood per gram per minute. 

The oxygen intake varies between ‘017 and ‘027 c.c. per gram per 
minute under similar circumstances. 

Yohimbin causes no secretion of saliva even when injected (in 
strengths of one part to 5000 or one part to 1009 of Ringer 's solution) 
into the arterial supply. 

Under such circumstances there is a dilatation of the arterioles 
which admits of about a tenfold increase in the blood-flow. 
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This increase does not cause any measurable change in the oxygen 


used by the gland. 

The gland after such treatment responds to stimulation of the 
chorda tympani yielding 8 good secretion of saliva accompanied * 
about a sevenfold increase in the oxygen taken up. 


A part of the expense of the above research, including the price of the hirudin used, 
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THE PREPARATION ¢ OF THE UNCONJUGATED ACIDS 
OF OX-BILE. By S. B. SCHRYVER 


(From the of the Ooncer Hospital, Brompton, 


Ir has been known for a long time that ox-bile, on hydrolysis with 
alkalis, yields, in addition to the chief product, cholalic acid, at least 
two other acids, viz. choleic and deoxycholeic acids. Nevertheless, up 
till quite recently, no satisfactory method of separation of these acids 
has existed, and it has been impossible to form any conception as to 
the relative quantities which are produced when ox-bile is hydrolysed 
with caustic alkalis. As large quantities of bile-acids were required for 
the purposes of various investigations, a research was commenced some 
time ago, with the object of obtaining a method for preparing the 
unconjugated acids in a satisfactory manner. When the main 
principles of the separation described in this paper had been already 
evolved, a publication by Pregl and Buchtalal appeared, in which 
a method was described by means of which the three unconjugated 
bile-acids could be obtained in a satisfactory yield. It is of interest 
to note, however, that the method of Pregl and Buchtala, and the 


vag method described in this paper differ from one another in alunos 


every detail 


For the purpose of hydrolysis, ox-bile, obtained quite fresh ‘heen : 
the slaughter-house, is heated in an iron digester fitted with a 
reflux condenser for 30 hours with sodium hydroxide, 170 grams of 
this substance dissolved in 300 c.c. of water being employed for 
2˙5 litres of bile, the quantity generally worked up in each hydrolysis. 
When this operation is complete, the hydrolysis mixture is diluted 
with twice the volume of water, and then acidified whilst still 
warm with an excess of dilute hydrochloric acid, the mixture being 


1 Zeitsch. physiol. Chem. uxxtv. p. 198. 1911. 
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vigorously stirred after each small addition of acid. The crude 
unconjugated bile-acids separate out for the most part in the form 


of a very viscid oil, which on cooling forms a thick pasty mass. 
A small amount of acid also separates in a granular form. After 


standing over night, the whole is filtered off, and washed free from 


the excess of mineral acid by kneading for some time with distilled 


water. It is then dried on a water-bath after which it can be readily : 


powdered. It is then dissolved up in excess of dilute ammonia, the 
solution being so diluted that it does not contain more than 5% 


ammonium salt. From this some of the pigment is removed by boiling _ 


for about ten minutes with animal charcoal, which is then filtered off. 


The acid is precipitated from the filtrate by dilute hydrochloric acid. 


The precipitate thus obtained, after washing with water, is dried 


in vacuo over calcium chloride and soda-lime. It is removed from the 
desiccator from time to time, the surface lumps are powdered, and 


the lower layers of acid are exposed. The more completely the water 


is removed, the more readily can the mass be powdered; until * : 


the whole can be obtained in a completely granular form. 
Up to now, the process of preparation is practically the same as 


that employed by most of the earlier investigators. From this on 8 


onwards, however, the method has been entirely altered. 


Instead of recrystallising from alcohol from which a crude cholalic 5 
acid separates only very incompletely and a large amount of uncrystal- — 
lisable mother liquor is obtained, the crude acids are recrystallised from 


hot acetone. The powder is added to the boiling solvent until the latter 
is saturated. It is then filtered off when hot from small particles of 
charcoal and other insoluble impurities, and allowed to cool. After 


standing the crystals which separate are filtered off, and rapidly washed ; 
with the use of the pump with small quantities of cold acetone, until 


they are nearly free from the mother liquors. The filtrates and 


washings are then united and concentrated and allowed to cool until 


another crop of crystals separates. These are also washed, and the 
washings and mother liquors are again concentrated, and the process 
is repeated until a thick syrupy mother liquor is obtained from which 


only a few crystals are obtained after prolonged standing. By this 


process more than 80°/, of the crude acid is obtained in the form of 
crystals which possess only a — 
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Separation of choleio and acids 
Ee the crude orystalline miæture. 
I ‘The next process depends upon the difference in the 3 of 
111 the magnesium salts of these three acids. The crude acids are sus- 
Pe pended in alcohol and the alcoholic solution is made just alkaline 
. to phenol phthalein, the suspension of the acids in alcohol being 
* kept warm during the addition of normal sodium hydraxide from a 


burette. As soon as a slight excess of alkali has been added, the 
alcohol is evaporated off on a water-bath, and the sodium salts are 
then taken up with water, so much of this solvent being used that 
100 oc, corresponds to one gram of the crude crystalline acids. A 
5 solution containing approximately 1% of sodium salts is thereby 
„„ obtained. This is filtered, and is generally faintly alkaline to 
0 phenol phthalein. The pink colour is destroyed by the addition 
of a few drops of very dilute acetic acid. The solution is then 
mixed with one-tenth of its volume of 20°/, magnesium chloride 
. solution. A perfectly clear mixture is thus obtained. If this be 
poe heated on a water-bath, a bulky crystalline precipitate gradually 
Bee separates, and the whole mixture is sometimes thereby converted 
almost into a paste. After heating for about one hour, the miature 
8 is allowed to cool, and the precipitate which consists of the mag - 
naesium salts of the greater part of the choleic and deoxycholeic acids, 
. with only relatively small quantities (not more than about one- 
fifth of the total) of cholalic acid, is then filtered off. Sodium cholate 
behaves quite differently from the sodium salts of the mixed acids when 
its solution in water is treated with magnesium chloride solution. 
When a 1% solution of the cholate is warmed on a water-bath with 
: - one-tenth the volume of 20% magnesium chloride, it remains perfectly 
he clear. A 5% solution, on the other hand, when treated in the same 
1 way, yields a precipitate of fine silky needles, which, however, redissolve 
on cooling. If the precipitate is filtered off from the hot solution, and 
is allowed to stand exposed to the air, it rapidly forms a deliquescent _ 
mass. For this reason, the mixture from which the magnesium salts 
of the mixed acids have separated, is allowed to cool before filtering off 
the precipitate. 
In spite of these facts, the treatment of 1°/, solutions of the mixed 
sodium salts by the process above described does not lead to a complete 
separation of the cholalic from the other two acids. As already 
mentioned, about one-fifth of the cholalic acid is carried down with the 
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magnesium salts of the two other acids. Furthermore, the magnesium 

salts of the other two acids are not quite insoluble. | 

2 Treatment of the magnesium salt precipitate. The precipitate, after 
the mixture has cooled, is filtered off by the pump, and the mother 


liquor is sucked off as completely as possible. The free acids are 
regenerated from this precipitate, by thoroughly rubbing up in a 


mortar with an excess of dilute hydrochloric acid. After standing, the 
acids get quite granular, and are then filtered off with the pump, and 
washed thoroughly with water. After drying in vacuo they are con- 
verted into sodium salts by suspending in alcohol and adding normal 
sodium hydroxide solution until the mixture is permanently alkaline to 
phenol phthalein. After evaporating off the alcohol, the sodium salts 
are taken up in water, so much solvent being added as to make up an 
approximately 2°/, solution which is then, if alkaline, made just neutral 
to phenol phthalein, by the addition of very dilute acetic acid. 
Barium chloride in 20°/, aqueous solution is then added in excess with 
continual stirring. A precipitate is produced, which is at first oily, but 
which on standing over night becomes granular and the sides of the 
vessel become often (but not always) coated with radiating groups of 
crystals. The precipitate produced does not consist, apparently, 
entirely of barium salts, for the sodium salts of both choleic and 
deoxycholeio acids are precipitated from solution in an oily form by the 
addition of salts, such as sodium chloride and ammonium sulphate; in 
this respect they differ from the sodium salt of cholalic acid, which is 
not precipitated in this way. The choleic acid, however, appears to be 
precipitated as barium salt in the above described process and it can be 
freed from the sodium salt of the deoxycholeic acid by thoroughly — 
washing with water. Accordingly, after the barium chloride has 
been added in excess to the 2°/, solution of sodium salts (about one- 
fifth of the volume of 20% Bal, is necessary) and the mixture has 
‘stood for about 16 hours, the precipitate is filtered off on a pump. As 
the filtration is somewhat slow, it is best to syphon off the supernatant 
liquid on to the filter, and as soon as this has passed through, to throw 
on to the filter the pasty mess from the bottom of the vessel in which 
the precipitation has been carried out. As soon as the precipitate is 
_ freed as completely as possible from the mother liquors, it is removed 
from the filter and thoroughly ground up with water in a mortar and 
again filtered. This process is repeated about three times, until the 
barium choleate is freed almost entirely from contaminations with the 
deoxycholate. On treating it then in a mortar, with dilute hydrochloric 
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acid in excess, a nearly pure preparation of choleic acid is obtained, 
which after washing and drying in vacuo melts only one or two degrees 
below the melting point of the pure preparation. 

The mother liquors and washings from the barium salt are then 
acidified, and a precipitate consisting chiefly of deoxycholeic and 


. cholalic acids is obtained. These, after washing, are converted into ‘ 


sodium salts; to a 1% solution of these is added one-tenth the volume 
of 20% magnesium chloride solution, and the mixture is heated on a 
water-bath. The precipitate in this case consists chiefly of the de- 
oxycholeate, mixed with only small quantities of cholalate. The 
mother liquor from the magnesium salt precipitate is concentrated 
on a water-bath to about one-fifth of the bulk when a further small 


5 quantity of deoxycholeate separates and is filtered off when the solution 


is cool. The filtrate from this is added to the filtrate from the first 


magnesium salt precipitate after the latter has been concentrated (see 


| 
Treatment of the filtrate from the first magnesium salt precipitate. 


The filtrate is concentrated on a water-bath to about one-fifth of its 


bulk, and when cool, the crystals which remain undissolved, and which 


consist almost entirely of deoxycholeate, are filtered off. The filtrate, 
to which is added the concentrated filtrate from the second magnesium 


salt precipitate, is then acidified with excess of dilute hydrochloric acid 
which is added slowly with constant stirring. The precipitate, which 
is thus formed, is at first somewhat resinous, but rapidly becomes 
crystalline on standing. It consists of cholalic acid, contaminated only 
with small quantites of the two other acids. 

| By the above processes, the crude bile-acids are separated into three 


main fractions, containing respectively the crude cholalic, choleic and 
_ deoxycholeic acids, from which, with very small loss, the pure acids can 


* readily prepared by the methods described below. 
The general method is 8 indicated in the eee 
tabe (p. 


of tho orvde seperated 
Cholalic acid. 
3 After washing and drying in vacuo it is dissolved in 
hot alcohol, from which the greater part separates on cooling. From 
the mother liquor, further crops of crystals are obtained. An appre- 
ciable portion, however, remains behind in the mother liquors and 
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Crude hydrolysis product recrystallised from hot acetone. | 

Crude erystalline mixture 80 / 5 Olly mother liquor oon fatty 
total). „ , ents and small quantities of bile- 
It is usually not worth while to 


of Mg salte 


nearly all the choleic acid. The free to 1/5 of ite bulk. 
acids are regenerated from this, and ; 
the sodium salts prepared and treated pitate Mother liquor B united 
in 2% solution with about 1/5 the Mg DEOXYCHOLEATE. with mother liquor O. 
> 
— | 
ie after poe The mother liquor contains deoxycho- 
um choleate from which on treat- leate and cholalate. The free acids 
ment with acids is obtained CHO- 2 1 and the sodium salts 8 1 
LEIO ACID. solution are treated with 1/10 
the volume of 20°), MgCl, solution § 
725 The precipitate is Mother liquor O concentrated 
Mg DEO YOHOLEATE. to 1/5 % the bulk and after 
— 


1505 tn separate in a crystalline form. To the last mother liquors 
is added therefore excess of caustic alkali, and the mixture is warmed | 
on a water-bath for a short time, to hydrolyse any ester formed by the 
action of the alcohol on the acid. The alcohol is then evaporated off on 


a water-bath, the residue taken up in water, and the acids are pre- 


cipitated from the solution of the sodium salts with excess of dilute 
hydrochloric acid. These, after drying, are converted into sodium salts, — 
and a large excess of barium chloride (20°/, solution) is added to 


2 2°/, solution of the latter. A small oily precipitate is thus produced, 
which contains choleate and deoxycholeate. The quantities of these 


acids are so small, that it is not worth while to recover them, especially 


as they are intermixed with small amounts of resinous matter and they 
can only be purified with considerable difficulty. On acidifying the 
filtrate from the barium precipitate, cholalic acid is precipitated, which 


can be purified by recrystallisation from alcohol. From the very last 


mother liquors, a further quantity of crystalline cholalic acid can be 


obtained by converting the acids into sodium salts (by adding excess of 


caustic alkali to the mother liquors, warming, and evaporating off the 
excess of alcohol), acidifying the aqueous solution of the same in the 
‘presence of ether; the freshly precipitated acid readily dissolves in 
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BILE ACIDS. 
the ether, and separates in crystalline form a concentration of the 


solvent. Quite 90°/, of the crude acid can thus be obtained in cry- 


stalline form, with the M. p. 197°. It is generally slightly coloured. To 
recrystallise further it has been found convenient to convert the acid 


into sodium salt, and to precipitate the acid from the dilute solution of 


this salt by hydrochloric acid. The precipitated acid, after drying, 
readily dissolves in hot alcohol, from which most separates on cooling. 


This method has been found more convenient than direct recrystallisa- 


tion from alcohol, for the acid, as it separates from this alcohol solvent 
with alcohol of recrystallisation, requires a large amount of liquid for 
re-solution. 

Choleic acid. This acid, as it is obtained directly from the barium 
salt by rubbing up the latter with excess of dilute hydrochloric acid, is 
already nearly pure, and melts often at 184° (after drying at 110°), 
which is only two or three degrees below the melting point of the pure 
acid. It is best purified by recrystallisation from hot acetone. When, 
however, large quantities have been prepared, inconveniently large 
amounts of solvent are necessary to completely dissolve the product. 
In this case, alcohol has been used for recrystallisation. A pure 
product separates. A relatively large amount remains in this case in 
the mother liquors (perhaps one-third). These are therefore warmed 
with excess of caustic alkali on the water-bath, to hydrolyse the ester 
formed by the action of the alcohol, the excess of this solvent is 


~ evaporated off, the residual sodium salts are taken up with water, and 
the free acids are precipitated from this solution. These are, after wash- 


ing and drying in vacuo, recrystallised from acetone. The first crops of 
crystals obtained are pure. The crops from the mother liquors are 


' recrystallised until the products have the correct melting point. The | 


yield of pure acid obtained by this method is very satisfactory. 
Deowycholeic acid. This acid is obtained from the magnesium salt 


by grinding it up with excess of dilute hydrochloric acid. The ‘product 


thus obtained, after recrystallising from acetone, in which it is easily 
soluble, melts, after drying at 110°, at about 140°, with evolution of 


solvent of recrystallisation. Fractional crystallisation both of free acid 


from ethyl acetate and barium salt from water, reveals the fact that the 


product is not free from cholalic acid. On purifying it, however, by the 
method used by other investigators, viz. by recrystallisation from glacial 


acetic acid, a product melting at 145° is obtained. The final purifica- 
tion of this acid involves a 2 loss than that — from = 
purification of the other acids. 
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: of the orude hydrolysis products from acetone. 


In view of a recent discovery of a new bile-acid in ox-gall stones = 
1 Fischer’, and called by him lithocholie acid, a considerable 
amount of time was expended on the careful examination of the 
various mother liquors. No trace, however, of an acid corresponding 
with ,Fischer’s acid has been discovered, and it appears probable that 
this is a pathological product which does not exist in normal bile. The 
last mother liquors from the acetone recrystallisation of the crude acids 
which were of dark green colour, were examined in the following way. 

The oily liquid was taken up with ether, and the ethereal solution was 
_ rapidly dried over anhydrous sodium sulphate and allowed to stand in 
a cold room. No crystals separated. The ethereal solution was then 
_ evaporated to a small bulk and the concentrated solution was then 
dropped, with continual stirring, into a large bulk of light petroleum. 
| _ A pasty mass separated, which was gently warmed to make less viscid, 
| and shaken up several times with further quantities of light petroleum. 
| On evaporating off the petroleum a residue was left behind, 
| which on standing soon set to a mass of soapy crystals, hen se 
a ‘The part insoluble in petroleum was then dissolved in 5 
a | alcohol, and neutralised with a methyl alcoholic solution of barium 
hydroxide, A highly pigmented: precipitate was formed, from which, 
on treatment with acids, a very dark yellowish green acid was obtained, 
which on drying in vacuo appeared almost black. This became pasty 
when treated with various solvents such as alcohol, acetone, ether, etc., 
but did not readily dissolve even on heating. This acid appears to be 

related to the bile pigments and was not further examined. 

The greater part of the barium salts remained, however, in solution 
in methyl alcohol. The methyl alcohol was evaporated off and a thick 
syrupy mass was obtained. This on rubbing up with acetone was 
converted into a light yellow granular powder. The acetone dissolved | 
up a small quantity of substance, which was obtained in the form of & 
a thick oil, which did not crystallise even after prolonged standing. 8 
It gave the cholesterol reaction with chloroform and sulphuric acid. 
The barium salt was treated with excess of dilute hydrochloric acid q 
in the presence of warm ethyl acetate, which dissolved up the acid * a 

1 Zeitech. Chem, p. 284. 111. | 
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set free. The ethyl acetate solution was then dried over sodium 
pear ‘and evaporated to a small bulk. On the addition of light 
petroleum, a glassy acid separated which is probably identical with an 
acid of similar ‘character isolated by Langheld'. This acid was 
submitted to examination ; it is not necessary to go into great detail as 
to the method ; suffice it to say, that by means of the magnesium salt 
and barium alba, by the method applied to the crude crystalline acids 
described above, it was possible to isolate from this product, cholalic, 
choleic and deoxycholeic acids. The yield of cholalic acid obtained was 
20% of the total, but this does not represent the maximum obtainable, 
as appreciable quantities of the material were used up in preliminary 
experiments. The purification of the other acids was attended 
matter. | 
Yield of the different 


Sai 10 litres of bile the = amounts of the various products 
were obtained : 


„hay“ 1 6 „ of the acetone crystallisation. 
* Quantities weighed before recrystallisation. 


1 and Buchtala found in the bile obtained in summer from 
the Graz slaughter-houses the following percentages of the total yield 
of crude acids of the various products. Fatty acids 10°/,, cholalic 
acid 512% choleic acid 11°9°/,, deoxycholeic acid 13˙5 %, non- 
erystallisable substances 12°6°/,. It is of interest to note that from 
the London bile, larger percentages of choleic than deoxycholeic acid 
were obtained, the reverse of what was found in the Graz bile. 


(1) A method is described by means of which the unconjugated 
acids from ox-bile can be readily prepared in large yields. 7 
(2) The crude acids are first recrystallised from hot — es 
over N are obtained directly in crystalline form. 


Zeitech. physiol. Chan. xxu. p. 896. 
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(3) From the crude crystalline mixture, the greater part of the 
cholalic acid can be separated by heating a 1°/, solution of the sodium 
salts with one-fifth the volume of 20 / magnesium chloride on a 
water-bath. Most of the choleic and deoxycholeic acids separate as 
magnesium salt, the greater part of the cholalate remaining in solution. 

(4) From the mixture of the choleate and deoxycholeate (con- 
taining only a relatively small quantity of the cholalate) the choleate 
can be separated as an insoluble barium salt. After this precipitation, 
the deoxycholeic acid can be separated from the greater part of the 
still adhering cholalic acid by reconversion into its magnesium salt 
(as under heading 31 

(5) From the mother liquors of the acetone crystallisation of the 
crude acids, the following products could be isolated-—(a) fatty acids, 
(6) “ pigment” acids, (c) “glassy” acid. From this latter acid, cholalic, 
choleic and deoxycholeic acids could be obtained. . 

(6) No trace was found of the “lithocholic” acid, recently isolated 
by Hans Fischer from ox-gall stones, It appears e that this 


is essentially a pathological product. 


It is proposed to apply the above method to the isolation of . 
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THE LAWS OF COMBINATION OF HAMOGLOBIN 

_ WITH CARBON MONOXIDE AND OXYGEN. Br 
0. G. DOUGLAS, BM, J. 8. HALDANE, MD, FRS, 
Au J. B. S. HALDANE, Scholar of New College’. 


(From the Physiological Laboratory, Ozford.) 


ee 125 a 8 paper the results will be given of a seine of 


experiments by the carbon monoxide method of determining the oxygen 
pressure of the arterial blood. As the method is based on a quantitative 
interpretation of the law of combination of carbon monoxide with 
hemoglobin in presence of different partial pressures of oxygen, we 
found it necessary to re-investigate this law with a view to its more 


complete elucidation. The results are contained in the present paper, 


and throw considerable new light on the mode of combination of 


_ besmoglobin with oxygen, as well as with carbon monoxide. 


From a number of experiments Haldane and Lorrain Smith’ 
concluded that when a solution containing hemoglobin is saturated with 
a gas mixture containing oxygen and CO the relative proportions of 
the hemoglobin which enter into combination with the two gases are 


proportional to the relative partial pressures of the two gases, allowing 


for the fact that the affinity of CO for hemoglobin is about 300 times 
greater than that of O,. The dissociation curve of HbCO in presence 
of pure air mixed with varying percentages of CO, or of a gas mixture 
containing a constant percentage of CO and a varying percentage of 
oxygen, is thus, according to their conclusions, a rectangular hyperbola. 
Their experiments were nearly all made at about 15° or 37° with dilute 
solutions of ox-blood, and all were in the absence of CO, Only three 


rather rough experiments were made with undiluted blood. 


At that time it was still generally believed that the dissociation 
curve of the oxyhmmoglobin in blood is a rectangular hyperbola, and 


the mathematical analysis. 
This Journal, xx. p. 231. 1897. 
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that the curve given by Hüfner in 1891 was at any rate approximately 


correct. The influence of CO, and that of salts on the curve were 


also quite unsuspected. The researches of Zuntz and Loewy, Bohr, 
Bareroft, and their associates, have, however, altered completely the 


current conceptions as to the dissociation of oxyhemoglobin; and this 
fact alone rendered a further investigation of Haldane and Lorrain 


Smith’s conclusions very desirable. We also knew (from a series of 


unpublished experiments made some years ago by one of us) that 
the experiments of Haldane and Lorrain Smith at 15° were not 
quantitatively exact, as the saturations had not been quite complete ; 


and Dr Krogh had also kindly informed us in a letter that he had 
obtained results different from those of Haldane and Lorrain Smith : 


when he used the blood of a different animal’. 
In the present experiments, which were begun in 1909, we have 


(unless otherwise stated) used undiluted blood at 38°. In order to make 
certain of obtaining maximum saturation of the blood with the carbon 


monoxide we have employed the following method. 

By means of a pipette of narrow bore 05 cc. of the defibrinated 
blood was introduced into a cylindrical saturating flask of 400 c.c. 
capacity. With the help of a curved glass rod the drop of blood was 


then spread in a ring about half a centimetre in width round the inner 


surface of the saturator, which was then filled with the air or other gas 


mixture containing CO, closed with a rubber stopper, and rotated slowly 
in a water-bath at 38° for an hour or more. The blood was thus 
exposed in a thin layer in constant motion to the gas mixture. To 
prevent evaporation a thin film of moisture was deposited on the inside 
of the glass, by blowing some expired air into the flask before the gas 
mixture was introduced. The gas mixture itself was introduced either 
by allowing about four litres of it to blow through the flask, or (in 
experiments on dissociation curves) by first filling the flask with pure 
hydrogen (free from traces of CO), or air, or any other mixture, and 


then introducing measured quantities of oxygen, CO,, and CO through 
a capillary tube in the stopper by means of pipettes of accurately known 
capacity, the gas being enclosed between two taps, one at each end of 


the pipette. After driving in the oxygen and CO, by mercury pressure, 


and mixing, the excess of pressure was allowed to blow off, and the CO 
(of which the quantity was small) was then introduced by pressure of 


water, the water being allowed to fill the tube in the stopper; and in 


case of any small bubble of gas being left behind in the connections. the 
i Published afterwards by Krogh in the Shana Arch, f. Physiol. xu, v 17. 1910, 
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water was again withdrawn and returned. The CO employed was 
always analysed, and was usually in the form of a mixture with air. 
After its introduction the rubber tube connecting the pipette with the 
capillary tube was closed with a clip, and the flask placed in the water- 
bath and rotated. After a short time a sample was withdrawn into a 


Haldane gas analysis apparatus for determination of the oxygen and 


CO,, and finally the excess of pressure was blown off in the water-bath, 
which was kept covered to exclude light. After the rotation had been 
continued for half an hour or more the motor was stopped and the blood 
allowed to collect in a drop on the lower side of the saturator. The flask 
was then removed and opened, and about 2} C. C. of water were poured in 
so as to dissolve the drop of blood. The solution was then at once 
allowed to flow out into a small tube, which was corked up and removed 
for titration. 

To make certain that the saturation was complete we made several 
control experiments in which blood fully saturated with CO was intro- 
duced with the gas mixture into one saturator, and blood containing no 
CO, but with the same gas mixture, into another. On titration the 
two samples gave identical results, allowance being made for the CO 
absorbed or given off by the blood. In most cases an hour is far more 
than sufficient to effect complete saturation; but the lower the partial 
pressure of CO and of oxygen in the gas mixture the longer will be the 
time required; and in working with very low partial pressures we have 
allowed more than an hour. With human blood, and air containing 
034% of CO, we found that the maximum saturation with CO had been 
reached after 15 minutes of rotation, and that with 10 minutes of 
rotation 85 % of the maximum saturation was reached. It would thus 


seem that 30 minutes of rotation would give an ample margin in any 
case where a mixture of ordinary air with CO was used. 


In this and the succeeding paper we have not considered it necessary 
to reproduce all the results of the very numerous gas analyses. It must 
suffice to say that we found them necessary, and that they were made 
in every case except where the gas mixture containing CO was pure air. 
In calculating the partial pressures of the gases we made allowance for 
the barometric pressure at the time, for the pressure of aqueous vapour, 
and for the very small quantity of CO absorbed by the blood in the 
saturator, 
The percentage saturation of the hemoglobin was determined 
colorimetrically by the carmine method, of which fuller details will be 
given in the succeeding paper. 
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In Fig, 1 we have plotted a series of results with air containing — 


various percentages of OO, the blood used being that of J. S. H. and 


C. G. D. for the upper curves, and that of two mice for the lower ones. 


In some of the experiments 6°/, of CO, was added to the mixture of air 


and CO in the saturating vessel, and in one experiment (not shown in | 
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Fig. 1. Sn CO-hamoglobin in presence of air (20°9 0% 0,) at tempera- 


I. Blood of J. 8. H. II. Blood of C. G. D. III. Blood of mouse A. IV. Blood of mouse B. 


The crosses indicate points determined in the presence of 40 mm. pressure of 


the Figure, as the result coincided with another result) the blood ene | 


first diluted with an equal volume of 1 % solution of dry Na, CO, It 
will be seen that neither the CO, nor the Na, CO, had any appreciable 
influence on the results, The curves as drawn are rectangular hyperbolas, 
and all the experimental results lie along these curves within the limits 
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of error of titration (about 2% of the total saturation), The figure also 

shows that although for each individual the curve is a rectangular 
hyperbola, the percentage saturation with a given percentage of CO 
varies for different individuals and species. In mice the percentage of 
CO required to produce a given percentage saturation of the hemoglobin 


with CO appears from various experiments, which we need hardly quote 
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10 20 80 40 80 60 70 80 80 100 
PERCENTAGE OF OXYGEN. 7 
Fig. 2. Dissociation curves of OO- hemoglobin in presence of constant percentage of CO 

aud varying percentage of oxygen, at atmospheric pressure, 

1. Blood of J.8.H. : 00=0°0945%. II. Blood of mouse O: CO=0-090 %. 

| III. Blood of mouse D: CO=0°0635 %. : 

in detail, to be on an average about 50°/, higher than in man. In 
different samples of mouse blood the percentage of CO required to 
produce half saturation varied from ‘07 to 15. The results completely 
confirm Krogh’s observation that blood from different animals may 
give different results, but in other respects are in exact agreement with 
Haldane and Lorrain Smith’s conclusions. | : 
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a * curves evidently correspond to the simple reversible reaction, 
+ CO HbCO + O, 

This correspondence holds good whether the blood is diluted to 1 ey 
as in Haldane and Lorrain Smith's experiments, or undiluted, as in 
our own. : 

Fig. 2 shows the results of two series of experiments in which the 
percentage of CO was kept constant while the percentage of O, was 
varied. The upper curve is for the blood of J. S. H., and the lower ones 


for the blood of two different mice. It will be seen that the points 


determined again lie on the rectangular hyperbolas drawn through them 
until the dotted portions of the curves are reached. With this exception, 
therefore, the curves again correspond to the equation given above, and 
from a single point on the curve for any individual we can construct the 
whole of the curve, until the dotted portion is reached. 

Before discussing the cause of the extraordinary deviation from the 
curve shown in the case of the mouse blood with very low percentages 
of oxygen and carbon monoxide we may refer to the influence of 
temperature and dilution. When blood is saturated with a mixture 
of air and CO at room temperature (about 15°), instead of at blood 
temperature, the percentage of CO required to produce a given per- 
centage saturation with CO is very distinctly less. Table I gives some 
comparative results obtained with the blood of different mice. ioe 


% saturation 22 
produce 50 9% | 
Mouse No. 1 0508 46-0 104 059 
** 17 51°6 59-0. "119 088 
127 47˙8 1384 997 
” » 4 127 57°5 63°7 094 94 


From this table it will be seen that about 40 / more CO is needed 
to produce a given saturation at 38° than at 13°. This difference, 


though considerable, is not to be compared with the effect of tempera- 
ture on the simple dissociation curve of oxyhzmoglobin, as determined 


by Bareroft and King', who found that a difference of 50% in the 
latter curve is produced by a temperature difference of only about 5°. 
For human blood (of J. S. H.) a number of determinations made some 
years ago and hitherto unpublished, showed that W was 

1 This — xxxix. p. 381. 1909. : | 
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produced by about 05 % of CO in air at about 15°, whereas 072 / is 
required to produce half. saturation at body temperature. This result 
corresponds with those for mouse blood. 

The effect of dilution with water is somewhat difficult to determine 
at body temperature, unless the time allowed for saturation is cut rather 
short, since the diluted hemoglobin undergoes chemical change rather 
quickly, this change revealing itself by the fact that on saturation with 
CO the solution no longer gives the full pink colour characteristic of 
undecomposed hemoglobin. At 15°, however, diluted blood appears to 


give practically the same saturation with a given percentage of CO in 
air as undiluted blood. It may be noted here that a series of experi- 


ments made by one of us some years ago, showed that in Haldane 
and Lorrain Smith’s experiments with diluted ox-blood at room 
temperatures the saturation produced by gentle shaking. for 20 minutes 


by hand was not quite complete. Violent shaking had to be avoided on 


account of its effect in producing mechanical coagulation, but satisfactory 
saturation could easily be obtained by rotating the blood in a saturating 
bottle by means of a motor for at least half an hour’. With the 
ox-blood used, 50°/, saturation of the hemoglobin was obtained with 


about 055% of CO—practically the same result as with undiluted 


ox-blood at the same temperature. Addition of a little ammonia, 
which prevents mechanical coagulation, was found to have no appreciable 
effect on the curve. 

In the following experiment undiluted blood saturated at 38° was 


: — with blood diluted to 1% with distilled water at 117. 


%otCO 
Human blood (J. 8. H.) 093 67°4 
Blood of a mouse 093 45°2 49-1 


From the foregoing it is wash that neither cooling nor dilution nor 
alteration i in reaction abolishes the differences between different kinds 
of blood in their behaviour towards mixtures of CO and air. The 
differences appear to be characteristic of the individual men or —— 
furnishing the blood’. 


solution is rendered slightly alkaline by addition of NH,. 
2 A paper by Hartridge (This Journal, Xv. p. 21, 1912) which appeared while the 
present paper was passing through the prese, furnishes by a new method of determination, 


independent corroboration of our conclusions as to the effects of temperature, dilution, 


and changes in reaction. Hartridge also obtained — results with additions of 
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As ©O-hmmoglobin in the complete absence of oxygen has a 


d curve of its own it is evident that unless the partial pressure 


of CO is sufficient by itself to produce complete saturation of the 
hemoglobin the curves shown in Fig. 2 can never reach 100 % satura- 
tion; and as a matter of fact the mouse blood in the lowest curve was 
only 52°/, saturated when the oxygen percentage was reduced to zero. 
It might, perhaps, have been expected from this latter fact that the 
curve for the mouse blood would be a simple rectangular hyperbola 
ending at 52% saturation. If this were so, however, the curves in 
Fig. 1 would not be perfect rectangular hyperbolas, as they actually are 
(at any rate practically speaking), even when the partial pressure of CO 
is much too low to produce, in the absence of oxygen, more than a 

merely fractional saturation of the haemoglobin with CO. Nor would 
the curves in Fig. 2 follow the course which they actually take. Asa - 
matter of fact the course of any curve of the type plotted in Fig. 2 can 


be predicted up to a certain point without the slightest reference to the 


dissociation curve of CO in the absence of oxygen. At a certain point, 
however, when the oxygen percentage becomes very low, the curve 
begins to deviate, and soon leaves completely the rectangular hyperbola 
which it had previously followed, to trace out the remarkable hump © 
shown in Fig. 2 for mouse blood. This hump is more and more marked 
the lower the percentage, or partial pressure, of CO, and is clearly 
connected with the separate dissociation curves of oxyhæmoglobin and 
CO-hemoglobin. The existence of the hump points to the conclusion 
that the presence of reduced hemoglobin has a powerful influence of 
some kind in preventing CO from combining with hemoglobin; and if 
so it would be expected to have a similar influence on the com- 
bination of O, with hemoglobin. This idea gave a further clue to an 
understanding of the dissociation curves of oxyhsmoglobin and CO- 
hemoglobin; and these curves will be discussed before further con- 
sideration of the hump. 

As the dissociation curves of oxyhsemoglobin i in the blood of 0 G. D. 
and J. S. H. were of considerable interest in connection with other 
investigations as well as the present one, and we thought at first that 
the upper part of the curve given by Barcroft for the blood of C. G. D. 
might possibly be a little too high, we have determined both curves, 
and the results are plotted in Fig. 3. 

The determinations were made with Brodie’s modification of the 
Barcroft-Haldane blood-gas apparatus. About 5 cc. or more of blood 
were drawn from a finger, defibrinated, and placed in the saturator of 
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55 400 Ce. capacity. The required gas mixture was then introduced. In 


making this we either used pure hydrogen (wholly free from CO) with 
oxygen added, or air partially deprived of oxygen by respiration, the 
CO, being absorbed by soda-lime. Sufficient CO, was then added to 
bring the final partial pressure of CO, to 40 mm. (that of our alveolar 
air). The saturator was then placed in a water-bath accurately 
regulated to 38° and rotated for several minutes, after which a — 
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PRESOURE OF OXYGEN IN PERCENTAGE OF ONE ATMOSPHERE. 
Blood of 0. p. using ammonia in 
* 55 55 „ Na,OO, 55 
„ J.. H., „ ammonia _,, 


s ” 55 ” Na, O0, 
* Mixed blood of six mies, using ammonis , „ 


of the gas in the saturator was taken for analysis, the excess of pressure 
(due to the rise of temperature) blown off, and the saturator rotated 
for a few minutes more. The blood was then collected in the neck of 
the saturator while it was still in the bath, the flask then removed, and 
se sample of the blood rapidly taken into a narrow graduated pipette, 
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avoiding all air-bubbles. Exactly 1 c.c. of this sample. was delivered 
below the dilute ammonia or sodium carbonate solution in the bottle of 
the blood-gas apparatus. A trace of saponin was also added to make 
sure of laking. The bottle was then attached to the blood-gas 
apparatus, placed in the bath at room temperature, and a reading taken 
when it became perfectly steady. The blood was then agitated with 
the air of the bottle until the hemoglobin was completely saturated, 
and another reading (twice repeated) taken. Ferricyanide was then 
added, and a third reading taken when all the oxygen had come off. 
In most of the experiments we placed dilute ammonia (0°4°/, of strong 
ammonia) in the bottle. With this solution we found from blank 
experiments with fully saturated blood that a correction of 3:5 mm. of 
vater was required in the second reading of the apparatus. This 
correction amounted to about 5°/, of the total pressure given by the 
oxygen contained in the saturated blood, and as we were not quite 
convinced of the accuracy of so large a correction we finally adopted 
the plan of substituting 1% sodium carbonate for the ammonia. This 
was the solution first used by Haldane in connection with the 
ferricyanide method of determining the oxygen of the blood, and it was 
with sodium carbonate that the original tests of the accuracy of the. 
ferricyanide method were made. Dilute ammonia was afterwards 
preferred on account of the difficulty in always laking the blood 
completely in presence of sodium carbonate. This difficulty is, however, 
overcome by using saponin; and the somewhat large correction 
“necessitated by using ammonia is thus got rid of. 0 
The partial pressures of oxygen and CO, in the saturator were 
calculated from the analyses and readings of the barometer, allowance 
being also made for the pressure of aqueous vapour in the saturator. 
In calculating the percentage saturation of the hemoglobin we also 
made allowance for the gas which went into simple solution in the 
blood when the latter was saturated in the cold at about 15°, using the 
coefficients of absorption for oxygen, nitrogen and hydrogen in blood at 
15° and 38° as given by Bohr. This correction amounted to from 3 to 
5 % at different parts of the curve. | 
| It will be seen that the blood of J. S. H. gives results 8 : 
identical with those given by the blood of C. G. D. The curve which 
summarises the results is also nearly identical with that already 


* This Journal, xxv. p. 295. 1900. The correction when ammonia is used is neces-- | 
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obtained by Bareroft! for the blood of C. G. D. There can, therefore, 
de hardly any doubt that Barcroft’s curve is almost exactly correct. 
Our results were obtained in Oxford at various times since April 1910, 
but no certain variations in the curve could be detected, although it 
seems probable that slight variations occur. Results which we recently 
if obtained during a stay of some weeks at an 1 altitude of 14,100 feet will 
be described elsewhere. 
II Fig 8 we have also plotted a series of results obtained with the 


se mixed blood of six mice. It will be seen that there is a very great 
5 difference between the mouse blood and human blood, and that in 
5 presence of an oxygen pressure of 100 mm. (131% of an atmosphere) 
8 the mouse · blood was only about 74% saturated. With regard to these 


determinations it should be remarked that the individual results are 
probably not so exact as in the case of human blood, as we only used 
0˙5 C. of blood for each determination. The blood was taken from the 
heart after the animals were killed by drowning. On account of 
asphyxial convulsions this blood must have contained an abnormal 
a proportion of lactic acid; and this, as Barcroft and Orbeli have 
1 shown’, would shift the curve very distinctly to the right. | 
8 In order to obtain some idea of the extent of this shifting we made 
a the following expériment. A mouse was killed instantaneously by 
a decapitation and the first blood which oozed out was collected and 
a defibrinated. Of this blood 05 Cc. was spread in a ring inside the 
saturator in the usual way, and another similar ring of fresh de- 
. fibrinated blood from one of us was spread in a similar ring. The 
ss saturator was then filled with hydrogen, oxygen gradually added, 2 c 
5 at a time, and the spectroscopic appearances observed after rotation of 
the saturator in the bath at 38°, and before the saturator had time to 
cool appreciably. The double band of oxyhwmoglobin became just 
faintly visible when the oxygen pressure in the saturator corresponded 


5 to 15 ½ saturation of the human blood, and this point was taken as an 
* index. It was found that without CO, in the saturator about thrice as 
1 high an oxygen pressure was necessary in order to obtain the first 
8 appearance of the double band with mouse blood; but with 40 mm. of 


CO, pressure scarcely twice as much oxygen was needed for the mouse 
blood. This experiment gave the same result with similar blood from 


| = = 5 1 This Journal, xuat. p. 44. 1911. The agreement of our results with those of Bareroft 
1 only 0-1 b. o. of blood for each determination. 
ce * Ibid, XII. p. 855. 1910. 
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another mouse, and we concluded that in presence of 40 mm. of CO. 
pressure mouse blood containing no abnormal proportion of lactic acid 
requires about 75 / more oxygen pressure than human blood to 
produce a given percentage saturation of the hemoglobin with oxygen. 
It would, therefore, take about 52˙5 mm. of oxygen pressure to produce 
half-saturation of mouse blood in presence of 40 mm. of CO, pressure. 
| When tested with glazed litmus paper the mouse blood appeared to 
be distinctly less alkaline than human blood; and probably this is 
connected with the shifting of the dissociation curve to the right in 
mouse blood, and with the comparatively small effect of CO, on the 
curve. Further evidence for this view will be given later. 
If it required about 525 mm. to produce half-saturation with 
oxygen in unaltered mouse blood in presence of CO,, mouse blood will 
only be about 85 % saturated in the arterial blood with the oxygen 
pressure at 100 mm., whereas human arterial blood is about 96°/, 
saturated. On the other hand the mouse blood must give off its oxygen 
to the tissues at a much higher pressure of oxygen than human blood, 
at any given percentage saturation of the venous blood. It seems 
probable that this difference is connected with the great increase in 
metabolism per unit of body weight in a small animal such as a mouse. — 
We have also determined the dissociation curve of CO-hmmoglobin © 
in the absence of oxygen for the blood C. G. D., using the method already 
referred to above, except that the saturator was filled with pure 
hydrogen before the OO was introduced. Any excess of pressure in the 
saturator was allowed to blow off after a sample had been taken for 
determination of oxygen and CO, In calculating the results allowance 
was of course made for the pressure of aqueous vapour and the 


barometric pressure, As the hydrogen? (which was made from zinc and 


sulphuric acid and collected over water) contained a small proportion 
(about 02% of oxygen, it was found that about 0:2°/, of oxygen was 
always present in the saturator. At the lower part of the curve this 
would increase and at the upper part diminish the saturation of the 
blood with CO, so that a small correction, calculated in the manner 


explained below, and greater when CO, was absent, had therefore to be 


made. 

Fig. 4 shows the results obtained (1) in the absence of CO, and in 

the presence of (2) 19 mm., (3) 42 mm., and (4) 79 mm. pressure of 
CO, It will be seen that the dissociation curve in presence of 40 mm. 


1 hydrogen ot in wer found bythe | 
blood test to be contaminated with CO, and were thus useless. 
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of OO, is similar in form to the curve for oxyhemoglobin with 40 mm. 
of CO, allowance being made for the difference in the scale of abscisse. 
The pressure required to produce half-saturation is 0017 / of an 
atmosphere (0113 mm. of Hg) for CO, and 40% (80-4 mm.) for O, 
These pressures are in the ratio of 1: 235, while at half-saturation in 


the curve for the blood of C. G. D. in Fig. 1 the ratio of CO to Oy is 1: 246. 
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Fig. 4. Disosinton sures of in of oxygen, at and wit 
various pressures of CO,. 3 
O Blood of 0. G. . 0 Blood of J. B. H. 


The ratios are nearly the same, as might be expected, and the small 


difference between them may be due to experimental errors. 

On comparing the different curves in Fig. 4, it will be seen that 
they are to all appearances identical, if the scale on which the abscissw of 
each are plotted is altered by a suitable constant. It thus appears that 


2 
2 
= 
— — 2 
N 
K. 
— 
| . 
| 
— 
d 0 . 
2 a 
* 4 
1 
— TR 
— 
— 
j 4 
ih 
* 9 
f 
7 
om 
. 
a 
7 
|| 
a 
2 
2 
* 
1 
a 
* 

= 
* x % 


_ 288 0. DOUGLAS, J. & HALDANE AND J. B. HALDANE. 


+ the effect of varying proportions of OO, and presumably of acidity or 
| . qlikalinity in general, is only to alter the scale on which the abscisse 
| | ä are plotted; and since the dissociation curves shown in Fig. 1 are not 
| a affected by varying the pressure of CO, it follows that the effect of Go, 
| eta on the oxyhemoglobin curve must be the same as on the curve ‘eal 
CO-hzmoglobin. 
It will also be seen that given increases in the partial pressure of 
CO, produce less and less absolute and relative effect as the pressure 
of CO, rises. This result accords with the observations of Bohr, 
| Hasselbalch, and Krogh, and of Barcroft and his associates, on the 
| | effects of CO, on the dissociation curve of oxyhemoglobin. Our curves 
| give the effect with greater precision, and for human blood. | 
| In the same figure we have plotted the dissociation curve of co- : 
hemoglobin in the absence of CO, for the blood of J. S. H. Although 
the curves for oxyhwmoglobin are the same, or nearly the same, for the 
blood of C. G. D. and J. S. H., as already shown, the peroentage of OO 
required to produce half. saturation in presence of air is about 15% less 
for the blood of J. S. H. than for that of C. G. D., as shown in Fig. 1. 
From these facts it might be expected that the dissociation curve of 
CO-hzemoglobin for the blood of J. S. H. would be about 15 % to the left 
of that of C. G. D. It will be seen that this is actually the case, so that 
the difference shown in Fig. 1 is due to the fact that the affinity for CO 
of the blood of J. S. H. is about a sixth greater than in the case of the 
blood of C. G. D. 

In Fig. 5 are shown some results obtained for the dissociation of 
CO-hæmoglobin in mouse blood, the mice having been killed by 
drowning. It will be seen that nearly four times as much CO was 
required in order to produce half-saturation in the mouse blood as 8 
compared with human blood, while, as shown in Fig. 3, only about 24 5 
times as much oxygen was needed to give half-saturation in similar 
mouse blood. The ratio between the pressures of CO and of oxygen 
required for half-saturation was thus about 1:148 for mouse blood; 
and this ratio corresponds with that between CO and O, at half. 
saturation in the upper curve for mouse blood in Fig. 2. Relatively 
speaking the dissociation curve for CO-hamoglobin is shifted further to 
the right in mouse blood as compared with human blood than the curve 
for oxyhsmoglobin, and this explains the fact that in presence of air 
more CO is needed to produce a given saturation of mouse h»moglobin 

_ with CO. The smallness of the influence of CO, on the curve for 


mouse blood is rather remarkable, but may be due to the fact that be 
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blood used was abnormally charged with lactic acid, so that the further 
increase in acidity due to the CO, had very little effect. : 

From the fact that neither the presence nor absence of a pressure 
of 40 mm. of CO,, nor the addition to the blood of an equal volume of 
1% sodium carbonate solution, had any effect on the “mixed” 
dissociation curves in Fig. 1, we may also conclude that small differences 


00 
x | 


PERCENTAGE SATURATION OF THE HAEMOGLOBIN wiTH CO. 


02 06 OB 
PRESSURE oF COIN PERCENTAGE OF ONE ATMOSPHERE. 
Fig. 5. Dissociation curves of CO-hemoglobin in absence of oxygen, at 38°. 
I. Blood of mouse E, no 00, present. 
HI. „ „ „ E, 40 mm. pressure of CO, present. 
in alkalinity or acidity of the blood affect the affinities for 3 n 
of OO and O, equally. 
We now come to the further analysis of the hump shown in the 
lower curves of Fig. 2. The upper curve was obtained with human 
blood in the presence of 0945 % of CO, and it will be seen from the 
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dissociation curve of human blood in the absence of CO, (Fig. 4) that 
in the presence of as much as 0945 °/, of CO the hwmoglobin will be 
completely saturated with CO in the entire absence of oxygen. There 
could therefore be no hump in the upper curve; and in the absence of 
O, and CO, it was actually found that 100°/, saturation (within the 
limit of experimental error) was reached with less _— half as much 
CO in the gas contained in the saturator. 

In the case of the curves for mouse blood in Fig. 2 the conditions 
were very different; for in the absence of oxygen the hemoglobin of 


this blood could only become about 65 % saturated in the presence of 


090 % CO, and 52% saturated in the presence of 063°/,. To judge 
from the simple dissociation curves of mouse blood (Figs. 3 and 5) the 
mouse hemoglobin would still be very incompletely saturated with CO 
and O, together until the pressure of oxygen rose to over 10°/,; and 
the peculiar form of the hump at once suggests the theory that the 
deviation from the rectangular hyperbola depends upon the proportion 
of reduced hemoglobin present, and that the relative proportions of 
CO-hwmoglobin to oxyhwmoglobin remain all the time dependent on 
the relative partial pressures of CO and O, The results for mouse 
blood were in accordance with this theory so far as the matter could be 
tested without exact knowledge of the separate dissociation curves for 
O, and CO of the samples of blood investigated ; but in order to test 
the theory more thoroughly we have used the blood of C. G. D., of which 
the separate dissociation curves have already been given. The experi- 
ments were made in the presence of a pressure of 40 mm. of CO, as 
the data were required for the control of experiments on the arterial 
oxygen pressure in man; and for the same reason very low pressures of 
CO were used. , 
In Fig. 6 we have plotted the results of two series of experiments. 
The dotted rectangular hyperbola shows the curve which would have 
been obtained if the pressure of CO had been sufficient to saturate the 
hemoglobin completely in the entire absence of oxygen. The lower 
curve (thick line) shows the line calculated on the theory that the ratio 
of oxyhemoglobin to CO-hzmoglobin remains throughout (and without 
relation to the reduced hamoglobin present) proportional to the partial 
pressures of oxygen and CO present, allowing for the fact that, as 
already shown in Fig. 1, the affinity of CO for hemoglobin is 246 times 
as great as that of oxygen for hwmoglobin in the blood of C. G. D. The 
two upper curves (thin lines) show the calculated percentage saturation 
of the — with oxygen and CO * the calculation . 
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1 based on the assumption that a given partial pressure of CO bas 235 
. times as much effect as the same partial — of oxygen in 


satamating the hemoglobin.’ 


„It will be seen at once that the oxpechnantal alte coincide very 

| phe with the calculated curve, s0 that the theory is certainly correct. 
We can thus calculate the deviation from the rectangular hyperbola 
provided that we know the simple dissociation curves for oxyhemo- 
globin and CO-hemoglobin of the blood used. In Fig. 7 four more 
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Fig. 6. Dissociation curves of CO-hemioglobin at 88° and in presence of 40 mm. CO,, 
with constant pressure of CO and varying pressures of oxygen. Blood of C. G. D. 
O 00=0-0122 % atmosphere. @ ©0=0-00854% atmosphere, 


of these curves have been drawn in order to represent the conditions 
when the blood in 255 absence of O, is 5 ½, 35 705 50 % and 16 hs 
ame with CO. 
1 It appears from the curves. that i in presence of low 1 pressures 
. of CO: the hemoglobin of blood may take up more than twice as 
a much CO with a low partial pressure of oxygen as when oxygen is 
5 entirely absent. There can be uo doubt that the converse is also true, 
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namely that in presence of a low partial pressure of oxygen the : 


hemoglobin will take up more than twice as much oxygen when a low 


partial pressure of CO is present as when no OO is present; and 
even when the blood is half-saturated with CO the intake of oxygen 


will be helped rather than hindered if the oxygen pressure is very low. 
The proportions of oxygen actually taken up can be read off from the 
differences between the corresponding upper and lower continuous 


curves in Figs. 6 and 7. This affords a very satisfactory explanation 
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Fig. 7. Dissociation curves of CO-hemoglobin in blood at 88° and in presence of 40 mm. 


CO,, with constant pressure of CO and varying pressures of oxygen. 


of the observation of Haldane and Lorrain Smith‘ that the ad- 


ministration of a certain amount of CO diminished, or at any rate 
did not increase, the symptoms of want of oxygen observed in mice 
on great diminution of the atmospheric pressure. , 


Haldane and Lorrain Smith’, in their expeciments on mice 


subjected to low partial pressures of oxygen, calculated the arterial 
oxygen pressure on the assumption that the partial pressure of the CO 
This Journal, p. 252. 1807. * Ibid. p. 244. 
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in the air breathed by the animals was sufficient to saturate their blood 
with CO in the complete absence of oxygen. The data given above 
show that this assumption was incorrect, as mouse blood differs greatly 
in this respect from ox blood or human blood, with which their test 
experiments outside the body were made. In the interpretation of 
their experiments they were also misled completely by reliance on the 
dissociation carve of oxyhemoglobin as given by Hufner in 1891. From 
this curve, and the arterial oxygen pressures as calculated from their 
experiments with carbon monoxide, it appeared as if the hesmoglobin 
in the animals’ arterial blood must have been almost saturated with 

oxygen even at the point where asphyxia from want of oxygen was 
imminent; and the only valid method: of explaining their cyanosed 
appearance etc. seemed to be that the arterial blood, although nearly 
saturated with oxygen in the lungs, was nevertheless charged with 

_ “reducing substances which rapidly consumed the oxygen W more 
than a part of it could reach the tissues. 

The data already given show that the pressure of oxygen required 
to half-saturate the hemoglobin of mouse blood is fully twenty times 
greater than was shown in Hiifner’s curve; and in the light of our 

present knowledge there is no difficulty in explaining the asphyxial 
symptoms as a result of low percentage saturation of the hemoglobin 
in the arterial bloed. On the other hand it seems almost inconceivable 
that the animals could have remained alive unless the arterial oxygen 
pressure had been raised above that of the alveolar air. For example, 
in the experiment quoted in full at the end of Haldane and Lorrain 
Smith’s paper, the atmospheric pressure was reduced to 210 mm. 
before any carbon monoxide was added to the air, and the alveolar 

oxygen pressure of the mouse cannot have been more than 15 to 
20 mm., at which oxygen pressure the blood would only have been 
8 to 10°/, saturated with oxygen. A mouse in which the oxygen 
carried by the arterial hemoglobin is reduced as much as this by carbon 
monoxide poisoning is killed at once, although the conditions are 
otherwise much more favourable, since the arterial oxygen is at a far 
higher pressure. There seems, therefore, to be no doubt that the oxygen 
pressure in this and the other similar experiments must have been a 
good deal higher in the arterial blood than in the alveolar air, although 
fallacious. 

The data and theoretical considerations embodied in Figs. 6 and 7 
throw considerable new light on the symptoms of carbon monoxide 
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1 00 The upper curves, representing the total saturation of the 


blood, also represent approximately (but not exactly) the forms of the 
dissociation curves of the oxygen left in combination with hemoglobin 


when the latter is saturated with carbon monoxide to the percentage | 


shown at the left end of each curve. It is clear from these curves that 
oxygen is given off from oxyhemoglobin in the tisssues in a totally ab- 


normal manner when the blood is highly saturated with. carbon monoxide. 


Not only is the total quantity of oxygen given off diminished in propor- 
tion to the saturation with carbon monoxide, but the dissociation of the 
oxygen is altered in such a way that the oxygen comes off less readily, 


or at a lower pressure than in normal blood, and that most of it comes 
off at a very low oxygen pressure, instead of at a moderate oxygen 


pressure, as under normal conditions. The facts that in carbon mon- 
dxide ’ poisoning thé’ symptoms increase very gradually, and that a 


comatose condition intervenes between moderate symptoms and actual 


death, are-thus rendered much more intelligible. The contrast between 
the helpless condition of a persén whose blood is half-saturated with CO 
and the comparatively slight symptoms when the hemoglobin is reduced 
5 half its normal percentage in anmmia, is also elucidated. 

It is evident from the results plotted in Figs. 1, 2, and 6, that if 
saan and Lorrain Smith’s method. be used for calculating the 


oxygen pressure in arterial blood from the: percentage saturation of the 


blood with CO when the pressure of CO in the inspired air is known, 


we must base the calculation on observations outside the body as to the 


behaviour of the blood of the particular animal experimented on: also 
on: the actual curves shown in Figs. 2 and 6, and not on the ideal 


_ rectangular hyperbolas shown in the same figures. This latter distinction 


becomes significant when the combined pressure of O, and CO becomes 
insufficient to saturate the hemoglobin completely ; and it should be 


noted that this point will be reached sooner in the presence of CO, than 


in its absence. The safest plan is to compare, if possible, the percentage 
saturation of the blood inside the body with the percentage saturation 
of the same blood outside the body in presence of a gas mixture having 
the same composition as the animals’ alveolar air. Otherwise a proper 


allowance must be made in cases where the combined pressure of O, and 
O0 is so low that the actual curve deviates from the ideal rectangular 


hyperbola. ‘For human blood this allowance begins to become appreciable 
at a pressure of about 10°/, of an atmosphere of oxygen when the blood 
is not more than 15-25 % saturated with CO. With mouse blood the 


allowance becomes appreciable at about 17 ½ oxygen pressure, or 12°/, 
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if the saturation with CO is higher. It is evident, also, that at oxygen 
pressures of less than about half of these the method ceases to give 
reliable results. under any circumstances, as the point is approaching 
where the percentage saturation of the blood with CO ceases to increase 


with diminution of the oxygen pressure, or where (in consequence of the 


“hump” in the curve) two results are possible, of which the lower or 
higher cannot be excluded with certainty. The application of these 
considerations to actual experiments will be referred to in the e 
paper. 
We must now endeavour to reach some explanation of the facts 
relating to the various dissociation curves discussed above. | 
It appears to us that in seeking an explanation we must start 8 
the fact demonstrated by Barcroft and Roberts! that in the complete 
absence of salts the dissociation curve of oxyhæmoglobin (and doubtless 


also of CO-hwmoglobin) is a hyperbole. to the 


— reversible reaction, 
Hb + 0. HbO,. 

The actual dissociation curve given by the oxyhæmoglobin of blood 
must presumably be a rectangular hyperbola distorted in some manoer 
which is dependent on the presence of salts. It is also to be noted that 
the curve for blood cuts the rectangular hyperbola for oxyhzemoglobin 
free from salts and CO,, and does not merely diverge from it in a down- 


_ wards direction, as we at first suspected might turn out to be the case. 


At above a certain percentage saturation the rectangular hyperbola is 
displaced upwards, and below this it is displaced downwards, and to 
a relative extent which increases so rapidly that the e double 
bend is produced. 

To explain the form of the curve Bob the 
theory that oxyhwmoglobin does not merely dissociate into hemoglobin 
and oxygen, but that the hemoglobin also dissociates into its iron- 
containing portion (presumably hsemochromogen) and: globin. He 
showed that a secondary reversible reaction of this type was capable 
of explaining the form of the curve. Apart from other difficulties, the 
spectroscopic evidence and the difficulty of understanding how homo- 
chromogen could exist as such in the presence of free oxygen seem to be 5 
definitely inconsistent with this theor . 

It is known from the researches of Bohr, Barcroft, and their 
— that CO, and other acids diminish the affinity of —— 

| 1 This Journal, xxxrx. p. 148. 1909. 
2 Nagel’s Handbuch, 1. P. 78. 1906. 
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for oxygen, and if reduced. hesmoglobin had the power of combining 
with alkali, and so neutralising it, we sliould have another conceivable 


explanation of the form of the dissociation curve for blood. Against 
thie hypothesis, however, stands the fact—established by Bohrt that 
the presence or absence of oxygen in blood has no influence on its 


power of combining with carbon dioxide at any given partial pressure 


of the latter gas. We have also been unable to detect any difference in 
the reaction of serum from reduced, as compared with that from seed 
oxygenated, blood. 

Another, and much more hopeful, theory has been proposed by 


Hill' He considers that the form of the curve may be due to the 


existence, in the presence of salts, of a greater or less amount of 


aggregation among the molecules of hemoglobin and oxyhemoglobin, 
with 


Hb O, HbO, 

Hb, + 20, == Hb. O. 
Hb, + 30, Hb, O. 
CCC the percentage aggregation to 
remain the same at all stages of dissociation, a general form of equation 
can be deduced, which, when proper constants are selected, will give 
the actual dissociation curves obtained by Barcroft with solutions of 
oxyhsmoglobin in the presence of salts. In his published paper Hill 


did not give an equation for the curve of oxyhmmoglobin in whole 


blood; but in a private letter he kindly communicated to us the 
required constants, and the equation fitted the experimental curve with 
great accuracy. Unfortunately, however, Hill’s assumption in the 
particular form which he gave to it, is not consistent with the form 
(a rectangular hyperbola) of the dissociation curve of CO-hamoglobin 
in presence of a constant partial pressure of oxygen ; and there are also 


other improbabilities. On the other hand he has given solid reasons in 


favour of the idea that aggregation in some form does occur. ae 
We think that all the facts can best be explained on the following 


assumptions : Aggregation of oxyhemoglobin occurs, in the eal | 


| Nagels Handbuch, L. p. 106. 1905. 
Journal, xx. p. iv. 1910 
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and similarly for CO-hsemoglobin and reduced This 
aggregation occurs, in accordance with the laws of mass action, and 
therefore increases or diminishes with increase or diminution of the 
concentration of oxyhemoglobin, CO-hemoglobin or reduced hemo- 
globin; but the tendency to aggregation is greater in the case of the 
unsaturated molecules of reduced hemoglobin than in that of the 
saturated molecules of oxy- or CO-hwmoglobin. The latter molecules 
also aggregate together to form Hb,0,CO, Hb, (O,), CO, eta, the 
molecules of HbO, having just as much tendency to aggregate with 


those of HbCO as with those of HbO,.. The aggregated molecules do 


not give up or take * 0 or CO without first splitting up into simple 
molecules. 

It will be seen at ong that this affords. a 
explanation of the facts. the upper part of the dissociation eurve of 
oxyhemoglobin in blood the primary rectangular hyperbola of salt-free 
_ oxyheemoglobin is distorted in an upwards direction on account of the 

large extent of aggregation of the relatively concentrated solution of 
oxyhsmoglobin. In consequence of this aggregation the active mass 
of oxyhwmoglobin (i. the concentration of unaggregated oxyhemo- 
globin) is much less than it: would otherwise be, and a greater total 
relative amount of oxyhwmoglobin in the aggregated and unaggregated 
state will be present than if none of the oxyhemoglobin were aggregated. 
Similarly, at the lower part of the blood curve the percentage aggre- 
gation. of reduced hmmoglobin will be greatly increased, while the 
percentage aggregation of oxyhmmoglobin will be correspondingly 
diminished, so that the primary rectangular hyperbola will be distorted 
downwards. By assuming sufficient proportions of aggregation among 
the molecules of oxyhemoglobin and reduced hemoglobin respectively 
the rectangular hyperbola will be converted into a double-bended curve ; 
and by assuming that the percentage of aggregation is greater among 
the molecules of reduced hemoglobin than among those of oxyhsemo- 
globin we can account for the fact that the blood curve cuts. the primary : 
hyperbola high up. 

A similar explanation will, of course, apply. to the simple dissociation 
curve of CO -heemoglopin i in blood. The case of the dissociation curve 
of CO-hzmoglobin in presence of a constant pressure of oxygen (suf. 
ficient to saturate the hemoglobin with O, ＋ CO) or the converse case, 
is met by the assumption that the saturated molecules of oxyhemoglobin 
and CO-hemoglobin molecules aggregate with one another just as 
as do either oxyhwmoglobin with one another or 
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the percentage aggregation of cxyhamaglobin and CO-hasinoglobin 
remains the same at all parts of the dissociation curve, which is there- 


fore a rectangular hyperbola, as is actually the case. In the case, finally, 


where the pressure of oxygen and CO together is insufficient to saturate 


the hemoglobin, the dissociation curve, so far as reduced hemoglobin is 


concerned, will be the. same as when oxyhwmoglobin alone, or CO- 
heemoglobin alone, is present at a pressure equivalent in saturating 
power to that of the O, and CO together; and the oxygen and CO will 
divide their combined share of the hemoglobin in just the same 
proportions as if they together combined with the whole of the available 


hemoglobin. This, as we have seen in connection with the “hump” 


curves is what actually happens. 
I this theory is correct it follows that the 3 of aggregation 
must diminish with dilution of blood, or of any hemoglobin solution in 


presence of salts; and consequently the simple dissociation curves of 
oxyhsmoglobin or CO-hemoglobin will approximate more to their 


primary rectangular hyperbolas. We have not determined dissociation 
curves of oxyhsemoglobin in diluted blood (for which a special ‘colori- 


metrie method would be needed) but we have found that undiluted 
blood in presence of so low a pressure of oxygen that it shows no double 3 


speotrosopio band at the body temperature’, becomes less blue, and 
shows a very strong double band when it is diluted largely with water, 
and saturated at the same temperature and oxygen pressure. We 


obtained this result with human blood in presence of a pressure of 


0-7 / of an atmosphere of oxygen, and with mouse blood in presence 
2˙5% of ‘oxygen, no CO, being present in either case. We also found 
that a strong double band was still present when strong saline solution 
was added so that 1°/, of NaCl was present in the blood solution. 
These results correspond to the theory. In the case of the dissociation 
curve of CO-hsmoglobin we endeavoured to obtain quantitative 2 
but the data were not very satisfactory, owing to the difficulty in 


avoiding the presence of traces of oxygen in the saturator, and preventing | 


the decomposition of the blood solution during the period of time 


required for saturation. The approximate results obtained, 1 


showed that with about 003 */, of CO in the saturator a 1% blood 
solution (blood of J. S. H.) became about half-saturated with CO, ae 


undiluted blood became only about 12 ½¼ saturated. On doubling tbe 
² 1 ˙ with 0, the doable band 


becomes invisible. 
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percentage of CO the blood solution became about two-thirds saturated, 
so that the curve for the diluted wood was ee a 1 
hyperbola, as ‘required by the theory. 

The curves in Fig. 4 (showing the effects of CO, on the eee 
of CO-hemoglobin) indicate that differences in reaction do not 
appreciably affect the amount of aggregation in the hemoglobin, but 
do affect the affinity of homoglobin for CO or O, We should therefore 
expect (on the theory just stated), that. differences in reaction would 
affect the dissociation curve in dilute solution just as much as in 
undiluted blood. To test this point we made the following experi- 
ment: About 05 c.c. of undiluted blood of J. S. H. was spread in a ring 
inside the saturator, which was then filled with hydrogen, 2 cc. of air 
added, and the saturator rotated’ at 38° for a few minutes. On 
exainination no trace. of a double band could be seen in the blood. 
10 cc. of distilled water were then introduced, so as to dilute the blood 
to iu th, and the rotation at 38° repeated. On examining the blood 
solution (in a suitably thick layer in the neck of the saturator) the 
double band of oxyhsmoglobin was now just faintly visible, corre- 
sponding to something like 20% saturation. 1 c.c. of a 4% solution of 
ordinary strong ammonia was now introduced, so that nearly 0°4°/, of 
the strong ammonia was present in the blood solution. The rotation 
and subsequent examination were again repeated, with the result that 
the double band was now present strongly, and the hemoglobin — 

appeared to be about half-saturated--with oxygen. The oxygen — 
percentage in the saturator was then determined, and found to be 
0:29°/; This experiment proves clearly that the alkali increased 
greatly the affinity of hzemoglobin for oxygen in the very dilute en 
blood. 

The same 0 was repeated with mouse blood, and with the 
same result. The oxygen percentage at the end was 0°25. It was 
somewhat of a surprise to us to find that the double band was about 
equally visible in the dilute mouse blood after simple dilution with 
water. This result seems to indicate that the shifting of the dissocia- 
tion curve to the right in undiluted mouse blood as compared with 
human blood is due to diminished alkalinity of the mouse blood, or at 
any rate not to differences between the molecules of mouse . 
those of human hemoglobin. 

We must finally consider: the very Wenn question as to the 
par of the differences in the relative affinities of CO and O, for 
hemoglobin in the blood of different individuals, whether of the same or 
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of different species, We have seen that the relative affinities are 
distinctly influenced by temperature, rise of temperature diminishing 
the affinity of hemoglobin for CO more than an equal rise diminishes 
the affinity for O, Light bas a far more marked differential effect, as 

was pointed out by Haldane and Lorrain Smith, whose observations 


have been reogntly extended by Hasselbalch. It might, perhaps, 
have been expected that differences in reaction and in the salts present 


in the corpuscles of different species or individuals would have a similar 
effect, and would suffice to explain the differences in relative affinities. 
We have ‘seen, however, that the differences remain, in spite of 
alterations in the reaction, and in spite of dilution to -1°/, with water. 
It seems, therefore, impossible to come to ahy other conclusion than 
that the differences in question are due to differences in the 
hwmoglobin ‘molecules in different individuals. The difference can 
hardly lie in the heemochromogen part of the molecule as there is good 
evidence that this is identical in all varieties of hemoglobin. The ratio 
of oxygen capacity to colour is constant, as was shown by Haldane and 
Lorrain Smith, whose results have been confirmed by others; and 
Peters! has recently shown by an improved method of iron deter- 
mination that the ratio of iron to oxygen capacity is also constant. 


In any case the difference is hardly likely to lie in the relatively simple 


hemochromogen part. It is much more probable that the very complex 
globin part is variable and that the average constitution of this - 
differs in different individuals. 

This conclusion as to the existence of differences i in the 8 
of different individuals, even of the same species, is of much general 
interest: for probably there are similar individual differences in other 
proteins which, when tested by the methods hitherto available, appear 
to be identical in different individuals, . Hence, if we look at the body 
simply from the abstract. chemical standpoint, we must conclude that 
not only is the arrangement of molecules different in different 
individuals, but the corresponding molecules themselves may differ also. 

In calculating the amount of aggregation in the hemoglobin of 
undiluted human blood, and the precise influence of this aggregation 
on the dissociation curve, we are somewhat at a loss, singe it is not yet 
known what curve human hemoglobin solution would give in the 
absence of salts, and what disturbing influence would be produced by — 
the fixed alkalies of the blood in one direction and by carbonic acid in 
” . We have provisionally assumed, however, that but 
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for the influenob of ‘aggregation the oxyhzmoglobin of human blood 
in the presence of 40 mm. pressure of OO, would give as its dissociation 
curve a rectangular hyperbola with 50% saturation corresponding to a 


partial pressure of 1°6 °/, of an atmosphere (12°2 mm. of oxygen). 


Taking # as the pressure of O, in hundredths of an atmosphere, and 
y as the fraction of the hemoglobin oxidized (the whole being taken 


as unity), the equation of this curve is «= i. 


To allow for the aggregation, let y, be the amount of mio, 
present in single molecules, % the amount of (HbO,),, y, the amount 
of (HbO,),. Similarly let z. be the amount of Hb, z, the amount 
of Hb,, and so on. Then, since 2HbO==(HbO,), is a simple re- 
versible reaction, y, must vary as 9, and ½ as y,", whether the reaction 
be HbO, + (HbO,),_, == (HbO,),,, or otherwise. 
Similarly ¢, must vary as zu and 80 on. 

Hence YF 

=i t + + | 

lay bf +..; „„ Ny Oy, b, by, etc. being 
quantities which depend on the velocities of the various 
and are constants for any given concentration of salts. For human 
blood we may assume that a,=2,a,=2, d, and 6,=8, b,=8, 
b, = 8", da that the masses of HbO,, (HbO,),, (HbO,), etc. are always 
in a geometrical progression, and similarly for those of Hb,, Hb,, Hb,, 
eta. There is no a priori reason for this assumption, but it leads to 


a simple formula which fairly with our | 
results. 


Since y = y, + 2y;* + 2% + | 
Now since it is only the single Hb and HbO, molecules that combine 


with or give off oxygen, the equation to the dissociation curve, allowing 


3 21 


169 (9 - 
This gives the results shown in table, 


The first column gives pressures of O, in / of an atmosphere, i.e, &: the 
. te. yx 100: the last, the 
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percentages tead off from the curve of Fig. g. Considering the range 
| 


4 
on 196 
2°83 50 30-5 
456 60 a 
70 
6°40 800 80˙8 
7°39 85 
9°25 
14-68 96˙5 
975 


It seems probable that all absolute 3 of 


Ky{i-bd(l- 
HbO, and HbCO can de represented by the equation 


where K. a, and 5 are suitable constants. The values of a and b 
increase with increase of salt concentration, but are not appreciably 
affected by acidity or alkalinity. The values a=2,b=8, mean that in 
human blood saturated with O,, J of the oxyhæmoglobin is aggregated 
and 4 free, and in completely reduced blood, § of the reduced hsemoglobin 5 
is aggregated, and ; free. 
Ihe value of K is increased by acidity, and Bareroft’ 8 3 with 5 
neutral salts’ suggest that they also may affect it. Thus the values of 
K for HbCO in the blood of C. G. D. are, for 0 mm. pressure of CO,, 
0034, for 19 mm., 0054, for 42 mm., 0069, and for 79 mm., 0082. 

These results are in accord with those of Mathison* and Oinuma’, — 
who compared the rates of the reactions HbO,—» Hb O, and 
Hb + 0,—» HbO*, at different pressures of OO,. E is the ratio of the 

velocities of these reactions, and its increase by heat and acids is due 
both to the acceleration of the former reaction, and the retardations of 
the latter. Judging from the data for CO, the value of K for oxidation 
of hæmoglobin in human blood in absence of CO, is about 8; while for 


a dialysed solution of —- aun in water, Bareroft’ 8 results 
give K 105. 


1 Baroroft and Camis, This Journal, p. 128, 1909. 
Mathison. Ibid. A. p. 347, 1011. Oinuma, Ibid. p. 864. 1911. 
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- hipaa For the same concentration of salts and acids, a and b (the constants 


which determine the rates of aggregation) are the same for HbOO as for 
HbO,, but K is smaller for HbCO in a ratio which is constant for the 
hemoglobin of any individual. For the blood of C. G. D. the ratio is 
about for for the mouse of Fig. 5, 


Conor beton 


When solution of hemoglobin, in 
3 or free, is saturated in presence of a gas mixture containing 


oxygen and carbon monoxide, the ratio of oxyhæmoglobin to CO- 


hemoglobin is always proportional to the relative partial pressures of 
oxygen and carbon monoxide, and is not altered by the presence of CO,, 
or slight changes in reaction, or of reduced hemoglobin, or by dilution, 
but is appreciably altered by temperature, as well as by light, and varies 
distinctly in the hemoglobin of different individuals and species. 7 

2. The oxyhwmoglobin dissociation curves for the blood of two 
persons is given, and the results agree closely with Barcroft’s. Curves 


de also given for mouse blood, which differ greatly from those for 


human blood. 
3. Dissociation curves of CO-hemoglobin in presence of varying 


partial pressures of CO, are also given for human and mouse blood, and 


it is shown that the results vary, not only for different species, but also 
for different individuals. The curve for CO-hæmoglobin has the same 
form as that for oxyhemoglobin. 

4. When blood is saturated in presence of such low partial pressures 
of oxygen and CO that reduced hemoglobin is present, the proportions _ 
of oxyhwmoglobin, CO-hæmoglobin, and reduced hemoglobin can be 
calculated if the separate dissociation curves of oxyhæmoglobin and CO- 
hzmoglobin are known; and in consequence of the form of these curves 
it follows that the presence of a small proportion of oxygen may 
greatly increase the formation of CO-hæmoglobin, and vice versa. This 
paradoxical effect explains the favourable physiological effect sometimes 
produced by carbon monoxide in conditions of great anoxhemia, The 
dissociation curve of the oxybæmoglobin remaining in the blood when 
it is partially saturated with carbon monoxide can also be deduced ; and 
the form of this curve explains the peculiarities of the symptoms of 
carbon monoxide poisoning as with those of anoxhemia from 
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5. A theory, based on A. V. Hill's “aggregation” hypothesis, and 
on the work of Barcroft and his associates, as well as on our own 
observations, is put forward to account for the peculiar form of the | 
dissociation curve of oxyhemoglobin and CO-hemoglobin in blood or in 
salt-solutions, and the effects of CO, etc. on these curves. An equation 
for the curve, based on this theory, is also given, and is shown to ca 
correspond closely with the experimental data for human blood. 5 

6. The differences in the relative affinities for oxygen and carbon 
monoxide in different samples of hwmoglobin indicate that the average 
constitution of the globin part of the hemoglobin molecule varies, not 
only in different species, but also in different individuals of the sume 
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THE: CAUSES OF ABSORPTION OF OXYGEN BY THE 
LUNGS. By d d. DOUGLAS um J. 8. HALDANE 


From the Osford.) 


The stimulus to secretion of oxygen 4 

Previoes evidence for and against gas secretion by the 

Summary 


Ix the present paper we propose mage the results of a series of 
experiments, begun in 1909, on the question, whether, and to what 
extent, the absorption of oxygen by the lungs is a process of simple 
diffusion, or an active process, analogous to glandular secretion, or 
absorption by the intestine’. As is well known, the opinions of 
physiologists are divided on this question. The first definite experi- 
ments were made under Pfliiger’s direction (1871) by Wolffberg, 
Strassburg and Nussbaum, and furnished evidence consistent with 
_ the diffusion theory. ‘Then came an investigation by Bohr (1890), who 
concluded that the partial pressure of oxygen is sometimes higher in 
the arterial blood than in the alveolar air, and that the diffusion theory. 
is therefore insufficient. The subject was again taken up by Fredericq 
(1896) whose results together with those of his pupil Weissberger 
supported the diffusion theory. A renewed investigation by Haldane 
l — Lorrain Smith (1896-7) yielded results which seemed altogether 


1 Preliminary accounts of some of our conclusions have appeared in the 
rns B. xn. p. 881, 1900, and B. Lxxxrv. p. 1, 1010: also in the Bohr 
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inconsistent with the diffusion theory’. The subject was again taken 
up by Bohr* (1907), who published experiments which seemed to 


demonstrate clearly that active excretion of carbon dioxide may occur. 


Finally Krogh' (1910) published a series of careful experiments which 


led him to the conclusion that diffusion alone will account for both the 
absorption of oxygen and the giving off of carbon dioxide by the lungs. 

A discussion of the conflict of opinion and apparent conflict of 
evidence may be postponed till later. At present we need only remark 


that all the continental observers have used modifications and successive — 
improvements of the aerotonometer method first introduced by Pflüger, 
the instrument of Krogh, used by him and Bohr in the; latter's later 
experiments, being the most perfect of its kind. The experiments of 

_ Haldane and Lorrain Smith“ were made by a quite different method, 
and as we have employed the same method in an * * we 


must W to it in some detail. 


cannon MONOXIDE METHOD. ‘oF. MEASURING ‘ANTERIAL 
OXYGEN PESSURE, 


Principle: When blood or a solution of is saturated 


with a gas mixture (such as air) containing oxygen: and a small 


percentage of carbon ‘monoxide, the hemoglobin vombines partly with 


oxygen and partly with carbon monoxide, the proportions in Which it 
divides itself between the two gases depending, in accordance with the 
ordinary law of mass action, on the relative partial pressures of the two 
gases, due allowance being of course made for the fact that carbon 
monoxide has a much more powerful affinity for hemoglobin than 


oxygen’. Hence if we know the relative proportions in which the 


hemoglobin divides itself between the two gases at any known partial 


pressures (for instance when the blood is saturated with air containing 


0˙1 per cent. of CO) we can predict the proportions in which, the 


der Physiologie, 1. p. 148. 1905. 
Zentralbl. f. Physiol. xu. p. 867. 1907. 
3 Skand. Arch. f. Physiol. XXIII. pp. 179-278. 1910, 
This Journal, xx. p. 497. 1896; and XXII. p. 281. 1897. 


5 In the preceding paper we have given a number of „ 


and the conditions under which it holds good. There is no exception to the law when 


the pressures of O, and 00 are jointly insufficient to saturate the hmmoglobin with O, : 
and CO; but the proportion of uncombined hamoglobin present must be taken into 


E 
ASS 
' 
— 
2 
ay 
* 
| * * 
ũ ᷣũ ͤ..—— 
i= 
| 
8 
1 
19 
4. 
tka 


ABSORPTION OF OXYGEN. 307 


division will occur at any other partial pressures of the two gases; and 
if we know (1) the proportions in which the division has actually 
occurred, and (2) the. partial pressure of one of the gases, we can 
calculate the partial pressure of the other. This latter fact was applied 
by Haldane and Lorrain Smith to the determination of the partial 
pressure of oxygen in the blood leaving the lungs. The animal or man 
(the first experiments were on man) is allowed to breathe a mixture 
containing a known percentage of CO until the blood takes up no more 
CO. The percentage saturation of the blood with CO is then deter- 
mined by colorimetric titration with carmine solution. If both the 
oxygen and CO pass by simple diffusion into the blood passing through 
the lungs, and the blood saturates itself with the gas mixture, the 
percentage saturation of the blood will be the same as if it were 
saturated outside the body with a gas mixture containing the same 
percentage of oxygen as the alveolar air, and the same percentage of CO 
as the air breathed. If the actual saturation of the blood is greater we 
can infer that the oxygen pressure of the blood leaving the lungs is less 
than in the alveolar air; and if the actual saturation is less we can 
equally infer that the oxygen pressure in the blood is greater than in 
the alveolar air. The only alternative is to suppose that CO is actively 
excluded: by the lung epithelium, or is constantly disappearing by 
oxidation or some other similar process within the body: We know, 
however, that CO is quite readily absorbed, and that, apart from its one 
property of combining with hemoglobin, it behaves as a physiologically 
indifferent gas, like nitrogen or hydrogen’, and that it is not oxidised at 
all within the body*: We can thus be reasonably certain that a correct 
inference can be drawn as to whether the oxygen pressure of the arterial 
blood is lower, higher than, or equal to that of the alveolar air, and we 
can calculate what the oxygen pressure is. If it is higher than in the 
alveolar air the simple diffusion theory falls to the ground. : 

Defects in previous use. In calculating their results Haldane and 
Lorrain Smith made an assumption which was open to criticism, and 
which, as we have found, vitiated their calculations to a considerable 
extent. In investigating the law of mass action just referred to they 
employed ‘chiefly dilute solutions of ox-blood, at room temperature, 
instead of blood from the animals experimented on, at blood tempera- 
ture’. Two or three experiments seemed, it is true, to indicate that the 


1 Haldane. This Journal, Xin. p. 201. 1896 ; and xxi. p. 161. 1897. 
Haldane. Ibid. xxv. — his oat 
referred to. 
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difference was not material. On careful re-examination it was found 


that these experiments were fallacious. In all the experiments with 
blood solutions the saturation of the blood was effected by shaking the 
solutions in bottles by hand, the shaking being gentle in order to avoid 


mechanical coagulation of the solutions. On repeating the experiments 


with an arrangement which allowed the bottle of blood solution to be 
rotated by a motor for any required time it was found some years ago 
by one of us that the saturation in the original experiments at room 
temperature had been incomplete, and had only been complete (owing 
to more rapid diffusion and combination) in the experiments made at 
blood temperature. Temperature, therefore, does alter very appreciably 
the relative affinities of oxygen and CO for hemoglobin, in the manner 
already shown by us in the preceding paper. This error did not, of 


course, by itself affect Haldane and Lorrain Smith’s calculations, but 


as the experiments in which the blood of different animals was compared 
were all made at room temperatures, it led to the erroneous conclusion 


that there was no difference in these different kinds of 


the relative affinities of oxygen and CO. 

Before we began the present investigations Dr Krogh of Copen- 
hagen informed one of us in a letter’ that he had found that the blood 
of a rabbit took up less CO at a given partial pressure of oxygen and CO 

than ox- blood. He concluded from this fact that it is unsafe to use 
data obtained from ox-blood or human blood in calculating by the 
carbon monoxide method the arterial oxygen pressure of a rabbit or 
other species of animal except that from which the blood was obtained. 
Careful experiments with. different kinds of blood soon convinced us 


that this criticism of the original method was entirely justified. Not 


only have we found that samples of blood from different species of 
animals give distinctly different results, but we also obtained clear 
evidence that the same is true, though in a somewhat less degree, for the 
blood of different individuals of the same species, As examples of these 
differences we may refer to the results plotted in Fig. 1 of the preceding 
paper, and showing the different results obtained with the blood of two 
different men and two different mice. For each variety of blood the 
results lie on a rectangular hyperbola, and thus follow the law of mass 
influence very exactly, but for each individual the actual 


hyperbola is characteristic, and may be different from that of another 


individual, although, to judge from experiments made at different times 


His experiments and ertisiom of the carbon monoxide method were subsequent 
1910. 
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on our own blood. it remains constant fir ag one individual during 


health. 


"General method employed in these experiments. It is evident, shine: 
pa that in order to obtain quantitative results for the arterial oxygen 


pressure by the carbon monoxide method the behaviour of the blood of 


the same individual outside the body, and at the body temperature, 
must be known; and in all our present experiments we have complied 


with this condition: A sample (O05 0.0.) of the blood of the animal or 


man used for the experiments was saturated at 38° with the mixture 
of CO and air used in the experiment. The method used was that 
described. in detail in the preceding paper. After the blood had been 
introduced the saturator was filled with the gas mixture actually 
breathed during the experiment, and kept in rotation for balf an hour 


or more in @ bath at 38°, after which the percentage saturation of 285 


hemoglobin with CO was determined with carmine. 
Titration with carmine. The method of colorimetrically estimating 
the percentage saturation of hemoglobin with CO was described in 


general terms by Haldane.and Lorrain Smith; but in view of its 


applications since then in various physiological and pathological deter- 
minations we think it advisable to describe it in further detail, —e 
the various precautions suggested by long experience of it. 

A solution of normal human blood (or blood from the animal 
experimented on) is prepared of such strength as to correspond to 0°5 p.c. 
of the proportion of hemoglobin in standard human blood of 100 pc. 


strength by the Gowers-Haldane hsmoglobinometer scale (18°5 po. 


oxygen capacity by the ferricyanide method). Two test-tubes of equal 
bore of about 0°6 inch are selected, and into each of these 5.c. of the 
blood solution are measured with a pipette. From a 0°1 p.c. solution of 
carmine in ammoniacal distilled water (this solution being kept in the 
dark in a cupboard) a dilute solution of carmine in distilled water with 
a strength of tint about equal to or rather greater than that of the blood 
solution is then prepared in a measuring cylinder. The requisite 
amount of dilution (about one-twentieth of the 0°1 p.c. solution if the 
latter has been recently prepared) can easily be estimated by the eye, 


but can be obtained at once, when experiments are made daily, by . 
diluting to a definite extent. A burette is filled with the carmine 
solution, and another burette with water. The blood solution in one of 


the test-tubes is then saturated with CO by allowing coal-gas to run 
through the free.part of the test-tube, quickly closing the tube with the 


thumb, and shaking * solutjon ‘with the gas for a few seconds. 
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When looked at against the sky the solution will now have a deep : 


purplish-pink tint, as compared with the brownish yellow of the normal 
blood solution. The carmine is now added from the burette to the 


‘normal blood solution until its tint is about equal in quality to that of 


the saturated blood solution. It will then probably be found that the 
depth of tint is too great in the tube containing the carmine. Water 
is then added from the other burette until the depth of tint is equal, 
and if necessary more carmine, until complete equality of both tint and 
depth of colour is obtained. In judging of this the test-tubes should 
be held up against the sky, and it is absolutely necessary to change them 
repeatedly from side to side: otherwise gross error is certain. It will 
nearly always be found that the right-hand tube appears a little 
yellower or pinker than the left-hand one; and a little deeper or less 
deep in colour. This difference is in reality a great help to accuracy. 
A point is first reached when the tubes appear equal in tint or depth 
when held in one position, but unequal in the other, and the end-point 
when the difference is the same on one side, whichever tube is on that 
side, can be estimated with great delicacy. The additions of carmine 
(or water) are continued until this point is passed ; and if two successive 
additions both show equality the mean of the two readings is taken as 

To the carmine solution in the measuring cylinder a proportion of 
water is now added equal to what had to be added from the water 
burette to the carmine required to reach the end-point of the titration. — 
The carmine solution is then ready for use. It will probably be found 
that about 6 c. c. of carmine are needed to reach the end-point. The 
amount required varies, however, according to the condition of the 
strong carmine solution and the quality of the daylight. The carmine 
solution is not stable, and it gradually becomes less deep in colour, and 
redder in tint than when first prepared. Hence the quantity of carmine 
solution needed increases from month to month; and the extent to 


which it has to be diluted for use diminishes. If the dilute solution is 


left for a day or two exposed to _— it becomes very markedly * 
and more dilute. | 


The titration of a blood snail’ is carried out as follows. Half of the 


| dilute solution of blood from the saturator, or of a similarly diluted 


sample direct from the animal or man being experimented on, is poured 
into one of the two test-tubes (always the same one as that used for the 
saturated blood in standardising the carmine), and 5 c.c. of the normal 
blood solution are measured with a pipette into the other. Water is then 
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allowed to drip from a tap into the solution of the blood under 
examination until its depth of ‘tint is about equal to that of the normal 
solution. Carmine solution is now added to the normal blood solution 
from the burettée until the tints are equal, more water being also added 
to the other tube if necessary. The solution under examination is then 
saturated with coal-gas, and the addition to the normal blood solution 
of carmine is continued until the tints are again equal. To illustrate 
the method of calculating the result we may suppose that in the first 
result equality of tint was observed with 1:2 and 1°3 cc. of carmine, 
mean 1°25, and that in the second 6:4 and 6˙8 e. c. gave equality, mean 
66: the percentage saturation x is then given 9 the — of the 
sum : | 
00 


11°6 


or, more simply, | 
100 55 x p.c. 


3 blood solution the less effect on its tint will any further 
addition have. Hence in approaching the point of equality only 0°1 C. c. 
is added at a time if not more than 2 c. c. have already been added, 


whereas after already adding 6 c.c. it is useless to add less than about 


0. c. at a time. 
The titration is repeated with the other half of the blood 8 
for further safety, and it will be found that apart from accidents the two 


results will nearly always agree within 1 p.c. of the total saturation. — 


This accuracy is very surprising at first sight, since colorimetric 
determinations have in general a rather bad reputation among chemists. 
The carmine titration is also no ordinary colorimetric titration, but one 


in which the quality, and not the density, of tint is estimated. We 


believe that the bad results commonly obtained with “colorimeters ” 
are due to the two solutions being in some fixed position determined 
by the apparatus used. An error of 10.p.c. or more may easily occur 
from this cause. Far more accurate results can be obtained with two 
ordinary test-tubes than with various complicated and expensive 
colorimeters, 

It will be found that the amount of carmine giving pineal varies 
distinctly for different individuals, The proportional difference is, 
however, the same at the two stages of the titration, so that the 
percentage result obtained is the same. For the same individual the 
amount of carmine needed varies, also, with different qualities of 
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daylight, and is usually less towards evening. This does not affect the 
percentage result, however, provided that the two stages: of the e 
are completed by the same light. 

All these differences are due to the facts that the two solutions are 
not spectrally identical: nor is the daylight at different times of day: nor 
are the retinae of different persons equally sensitive to differences in any 
particular part. of the spectrum : nor, finally, is any part of the retina 
of one individual constant in its excitability for either white light or 
coloured light; the excitability of any one part being dependent on 
side-light falling on neighbouring parts of the retina. ‘The numerous 
colorimeters, haemoglobinometers, etc. in which these sources of error 
cannot be eliminated are liable to very gross error, and appear to be 
responsible for the discredit under which colorimetric methods suffer. 

With ordinary artificial light the differences in tint between the 
various solutions become almost invisible. The dimmest daylight i is 
better than ordinary artificial light. With blue spectacles, however, the 
differences become very evident, and fairly good results can be obtained 
in the titration if the carmine is made of the proper strength (very 
much stronger) to suit the light. Daylight is, however, far better, and 
we have always used it. 

is to soouracy’ with the carmine method that the 
carmine solution should accurately match the standard blood solution 
in depth of colour. If the two do not correspond it is easy enough to 

get a result: for when the solution in one test-tube is too deep in 
colour it is only necessary to incline the other in order to make its 
depth of tint appear equal. The calculation of the percentage 
saturation becomes fallacious, however, as is easily seen. One source of 
slight error in the titrations is that a carmine solution which, when 
made up, exactly matches the blood solution in depth, may, towards 
evening, be rather too strong, owing to change in the light. This 
change can, however, be detected and rectified very quickly, and 
attention would automatically be called to it by the fact that 
considerably less carmine than before would suffice to produce the tint 
of fully saturated blood solution. 

A further source of possible fallacy depends on the liability of blood 
solution to decomposition, It is essential that the blood should be 
fresh, and diluted with clean water in a perfectly clean vessel. Solution 
which has been kept more than a few hours is useless. It may show 
no methaemoglobin band, and appear to be unaltered; but on 
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colour of undecomposed haemoglobin, and its depth of colour will also 
be found to be less than before. It is thus mixed with coloured 
decomposition products which make it useless for titration. The tint 
on saturation with CO affords a far more delicate index than spectro- 
scopic examination of the freedom of a ‘blood solution from * 
other than haemoglobin. | 

When blood saturated, or partly saturated, with CO is diluted with 
water a small part of the CO must necessarily go into solution in 
the water,,as some dissociation of the CO-haemoglobin occurs. To 
demonstrate this it is only necessary to saturate some blood with coal- 
gas and dilute some of it to 0°5 pe. with water. It will be seen at once 
that the diluted blood is distinctly less pink than some of the same 
solution re-saturated with coal-gas; and on titration the blood which 
has been simply diluted will be found to be not more than 88 or 89 pe. 
saturated. The percentage dissociation can be calculated if we know 
the partial pressure of CO corresponding to various percentage satura- 
tions of the haemoglobin at room temperature, and also the coefficient 

of solubility of CO. 

ot hmman blood half-eaturation occurs at room 
temperature in presence of air with about 05 p.c. of CO, as mentioned 
in the previous paper. Hence with 50 p.c. saturation of a blood solution 
saturated with air the partial pressure of CO will be ‘05 p.c. of an 
atmosphere. Now 100 cc. of water (and presumably also of a very 
dilute blood solution) dissolves about 2°5 c.c. of CO from an atmosphere 
of pure CO at room temperature (15° C.) so that at a partial pressure of 
05 p.c. it will dissolve 2°5 x 0005 = 00125 c.c. of CO, whereas 100 cc. 
of 0°56 p.c. blood solution can take up in chemical combination 0925 C. c. 
of CO. Hence the proportion of the haemoglobin dissociated is 00125 
in 0925, or 1°35 p.c., so that if 50 p. saturation were found by titration 
to be present we should require to add 1°35 p.c. to obtain the true result. 
By a similar calculation we find that if the blood were found by 
titration to be 89 p.c. saturated we should have to add on 11 pa. in 
order to obtain the true result, which would thus be 100 pc. When 
human blood is fully saturated with coal-gas the result actually found 
by titration, after dilution of the blood to 0°5 p.c., is 89 p.c. provided the 
light is not bright. Hence the calculation agrees with the actual result. 
In the brighter light of the middle of the day the result is, however, 2 
or 3 p. lower, even with a north light; and on going outside so as to 
increase the light, and avoid the absorption of actinic rays by window 
gises, the still: lower. This effect is due, as was ‘pointed out 
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by Haldane and Lorrain Smith, to the action of actinic rays in 
dissociating CO-haemoglobin. The varying effect of light renders the 
carmine titration with very high saturations of the blood with CO, 
somewhat uncertain. With low saturations, such as we have usually 
worked with, any error due to this cause is trifling. We have at all 
times avoided bright light as far as possible, and where it was 
necessary, as in the case of dissociation curves, to titrate with high 


saturations of the blood, up to 80 or even 85 p.c., we have done the 


titrations by evening light. As an alternative, we might have used 
narrower test-tubes and a greater concentration of the blood solution, 
so as to diminish the correction for dissociation; but it is easier to 
judge the tinte accurately when ordinary test-tubes are employed, 


and comparatively few determinations were needed with very high 


saturations. é 
The following scale of corrections was used for human blood. 

10 per cent. 015 
20 „ 0-35 
53 
40 „ „„ 
50 „ 

80 „ 5˙4 
8 110 


For mouse blood the corrections used were 50% 3 since the | 


partial pressure of CO required to produce a given saturation of the 
blood with CO is about 50% higher for mice than for men. 


As already mentioned the results of duplicate or triplicate titrations : 


of the same sample of blood agree very closely, the variation in the 
percentage saturation found hardly exceeding 1 p.c., or 0°5 p.. from the 
mean. When, as in determinations of arterial oxygen pressure, two 
samples not differing much in percentage saturation are compared 


successively with the same standard blood solution and carmine solution | 


the difference in their percentage saturations with CO can be determined 
with corresponding accuracy; for any errors due to imperfect preparation 
of the standard solutions, or to the allowance for dissociation, will affect 


both results equally. To determine the absolute range of the latter 
errors we have made a number of analyses of definite mixtures of 


normal blood. with the same blood saturated with coal-gas. The 
coal-gas contained about 7 p.c. of CO, and allowance was made for the 
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333 in the saturated 
blood. 


The ox-blood used for these ideen was measured out from 


a pipette, the blood being kept constantly stirred to prevent sedi- 
mentation of the corpuscles. This method, though fairly accurate, is 
liable to slight errors on account of variations in the quantity of blood 
which is left adhering to the pipette. The 
tions were obtained on different occasions. 


() The same carmine solution was used | (8) Calculated Found (0. G. D.) 
dy both observers. 20-3 

— (0. 0. D. tT 

(J. 8. H.) Ge 

158 {res 
103° 11˙4 

(2)  Caloulatea Found (J. 8. H.) 20 271 

88˙9 33 ˙8 99 81˙4 

67˙7 68-8 


blood laked by 


e to half, and were unknown to the observer. In (1) and (4) the 


mixtures were made with whole blood, and were known to one observer. 
In (J) each observer made up his own carmine solution. | 

It will be seen that the maximum error was 20 p.c. this including 
solutions. 


Tan ARTERIAL OXYGEN PRESSURE OF MICE AND RABBITS. 


Most of Haldane and Lorrain Smith’s experiments on arterial 
oxygen pressure were made on mice, which are specially convenient 
since owing to their very rapid metabolism their blood quickly attains its 
maximum percentage saturation with CO when any given percentage of 
the gas is breathed. It has already been pointed out, however, that 
Haldane and Lorrain Smith's calculations of the arterial oxygen 


pressure were vitiated by the assumption which they made that the blood 
of different animals is alike as regards the relative affinities of oxygen 


and CO for the haemoglobin present in the corpuscles. From the data 
given in our previous paper, and to be given in this paper, it appears 
that on an average their calculations gave results which were about 
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50 po. too high, while owing to the differences in the blood of different 
mice the results of individual experiment 8 cannot be — at 9 
exactl | 

Their date for ‘norinal: resting animals are 
another kind. In order to reduce the effects of errors of titration they — 
allowed the percentage saturation of the blood with CO to rise rather 
high : to about 40 p. on an average in one series of ten normal 
experiments, and to nearly 50 p.c. in another series. The animals showed 
no marked symptoms of want of oxygen, and were described as “approxi- 
mately normal.” In man, however, symptoms of want of oxygen begin 
to be appreciable with about 30 p.c. saturation of the blood with CO. It 
seems clear, therefore, that the animals were hardly in a “normal” 
condition. This was pointed out by Bohr in his account of these 
experiments in Nagels Handbuch; and it will be shown below that 
the saturation was a good deal too high to give really normal results. 

The data contained in the preceding paper show that there was 


a further source of error in Haldane and Lorrain Smith's experiments N 


with mice exposed to very low oxygen pressures. Their results were 
calculated on the incorrect assumption that the dissociation curve of 
CO-haemoglobin in presence of a constant partial pressure of CO and 
a varying partial pressure of oxygen is a rectangular hyperbola down to 

zero: pressure of oxygen, unless the partial pressure of CO is less than 
about 003 p.c. of an atmosphere. The actual curve for mouse blood, as 
we have shown, is a very different one, and is of such a form as to render 
determinations of arterial oxygen pressure by the carbon monoxide ~ 
method very uncertain when the oxygen pressure falls to less than 
about 10pc. For this reason we have not repeated on mice any 
experiments with low oxygen pressures. Even when the oxygen 
pressure of the alveolar air is normal there is probably a slight error 
in determinations of arterial oxygen pressure. So far as the available 
data enable us to calculate, this error (due to the fact that the total 
saturation of the hemoglobin with oxygen and OO is incomplete) 
probably makes the results about one-seventeenth (6 p.c.) too high; but 
in the absence of accurate data as to the dissociation curves for oxygen 
and CO of perfectly normal mouse blood we have not made allowance 
for the error, which in any case falls within the errors of individual 
experiments. There is a further reason why the carbon monoxide — 
method must in any case fail when the alveolar oxygen pressure is low 
Bern This was pointed out in the following words“ when n 
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. During the first part 
of the passage of the blood through the alveolar capillaries the oxygen 
tension in the blood must be very low, so that CO will be very readily 
absorbed. After an atmosphere containing CO has been breathed for an 
hour or two a time will come when the extra CO absorbed in the first 
part of the capillaries will be driven off again by the increased oxygen 
tension in the second part; and unless there is sufficient time for the 


completion of the latter process the percentage saturation of the blood 


with CO will indicate too low an oxygen tension for arterial blood. It 
seems clear that with very low alveolar oxygen pressures the percentage 
saturation of the blood will be rising during the whole of the time the 
blood is passing through the alveolar capillaries, so that the results by 
the CO method would be too low for this reason if they. ve ee in | 


other respects. 


Haldane and Smith that with 06 Pe. of 00 
u nn took about ten minutes for the blood of a mouse 
to reach its maximum of saturation, and shorter periods with higher 
percentages of CO. As, however, for our experiments on normal arterial 
oxygen pressure we were employing as little, sometimes, as 016 po. of 
CO, we have allowed from 30 to 60 minutes for these experiments, and 
more than ten minutes for experiments with high percentages, 80 that 
maximum saturation was reached with certainty. | . 

We adopted the following method in our experiments, A . 


mixture of carbon monoxide with ordinary atmospheric air was made in 


a fiſteen litre bottle by passing in an appropriate amount of the gas from 
a burette. About 300 c.c. of water were purposely left in the bottle, so 
that vigorous shaking ensured thorough mixture of the CO with the air. 
The mouse was placed in a small bottle of about 200 c.c. capacity, and 
the air from the large bottle was then driven through this by means of 
water pressure at a steady rate of 200 cc. a minute. To prevent the 
animal’s s temperature from falling, this bottle was placed in a bath at 
25°-80°. A meter placed on the exit pipe from the small bottle served 
to record the rate of ventilation. At the end of the experiment the 
inlet and outlet pipes of the small bottle were clamped, and the cork of 
the bottle was then removed under water, so that the mouse was 
drowned without its having had access to any air other than that of the 
ventilating current. As soon as the mouse was drowned, its thorax 
opened, and heart cut into, a couple of drops of blood were caught in 
a small test-tube quite full of water, which was immediately corked : 
this sample served the | 
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degree of saturation of the animal’s blood with carbon monoxide at the 


moment of death. The remainder of the blood was allowed to fall into 


a porcelain capsule—gentle squeezing of the carcase always produced 
a sufficient yield of blood—and was defibrinated by stirring with a 
| platinum wire. Of this defibrinated blood 05 c.c. was then transferred 
into the saturating vessel, and spread out in the manner already 
described in the preceding paper. About four or five litres of the air 
remaining in the large bottle were then driven through the saturating 
vessel, which was thereafter immediately corked and rotated in a water 
bath at 37˙5˙, for at least half an hour, and the contained blood 
afterwards titrated in the manner already described. By adopting this 
procedure we avoided the fallacies already referred to. , 
At the end of the experiment we had therefore the following data: 
the percentage saturation of the blood of the animal with CO at the 
moment of death (X), the percentage saturation of the blood of the 
same animal in vitro after saturation with the air in the saturating 
vessel (Y), and the oxygen percentage in the air in this saturating vessel 
(209). Since the percentage of CO in the air in the saturating 
vessel must have been identical with that in the animal's alveolar air 
when complete equilibrium of concentration of CO had been reached 
between the blood and the alveolar air, the oxygen pressure (P)' in the 
Y 100-X 
By Aung the saturating vessel with the same n Which the 
animal had been given to breathe we avoided any fallacy which might 
have arisen owing to mistakes as to the exact percentage of CO in the 
air, ‘The result depended merely on the two colorimetric titrations, 
which were carried out one almost immediately after the other by the 
same observer, and with the same standard blood and carmine solutions. 
The results which we obtained are given in Table I. 
It will be seen that when the saturation of the hemoglobin of the 
animal is less than about 27 p.c., the arterial oxygen pressure found is 
only about 13 p.c., that is to say a little less than the pressure in 
normal human alveolar air. When, however, the saturation with carbon 
monoxide rises above 30 p.c., the arterial oxygen pressure increases, and 


P= 209 


1 In this calonlation no allowance is made for dilution of the alveolar air with aqueous 
vapour, as it is convenient to state the results without this allowance. The true oxygen 
pressure is 6 per cent. lower, as there is teen eee Saket 
aqueous vapour in the alveolar air and in the air of the saturator. 88 a 
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with saturations rise far above the of the 


air. 
Along with the experiments on mice we have included two paper 
ments giving results in the same direction, on a rabbit. In these 
experiments on rabbits our procedure was a little different. One 
observer entered a respiration chamber of 70 cubic feet capacity with 


the rabbit, and the door was closed air-tight. The requisite quantity 1 


TABLE 1 Experiments with of pure er and o; 


mice and on a rabbit. 


Duration of exp. Re — 2 — of the 
used % of CO in minutes “In vivo In vitro n 
01 60 26-2 172 12˙2 
50 96°7 195 * 18-9 
016 26-0 186 18°5 
019 19°7 12°5 12-1 
48 25˙6 17°6 13-0 
-046 40 29 ·1 2˙ 15˙0 
0638 40 977 30˙2 16˙2 
100 45°0 48:0. 19°3 
55 12 91 56-4 20°8 
198 — 57˙6 20˙0 
18 59˙1 155 44-7+ 
244 12 67°3 717 25°7+ 
200 25 67°0 647 18°9 
262 66-4 78 ·7 28˙2 
275 2 66˙5 76 85-9 
Rabbit 0299 10 280 
tabbis “191 150 56°0 


without ration fr vapour inthe 
+ Mouse died. 


1 monoxide was then passed into the chamber and mixed with an 
electric fan, and the experiment commenced. In order to ensure that 
the observer should remain in a condition to manipulate the animal, and 
at the same time to avoid vitiating the air in the chamber unnecessarily, 
he breathed through valves connected with the exterior by pipes passing 


through the walls of the chamber. In the second experiment when the 
_ percentage of carbon monoxide was high, analyses of the air in the 


chamber were made at intervals in a large Haldane “laboratory” gas 
analysis apparatus which was directly connected with the chamber by a 
second observer who was stationed outside: the percentage of carbon 
monoxide was found to remain steady throughout the experiment, At 
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intervals the observer in the chamber withdrew a fow drops of blood 
from the ear of the rabbit, catching them in test-tubes full of water, 
which he then passed out to the second observer, who determined the 

percentage saturation of the animals blood with carbon monoxide. In 
each of the experiments the degree of saturation of the blood with 
carbon monoxide became constant after a comparatively short interval: 
after one hour in the first experiment where the percentage of CO was 


low, and after half an hour in the second experiment. At the close of 


the experiment the observer in the chamber filled a saturator (in which 
he had placed 0°05 C. of the animal's defibrinated blood) with the air 
in the chamber by means of a pair of bellows. Thenceforward the 
experimental procedure was the same as in the case of the mice. 


Unfortunately we do not know the oxygen percentage in the alveolar 


air of normal resting mice or rabbits, but at any rate we may be pretty 


certain that it is not less than about 13 p.c.; and consequently we may 

conclude from the table of results that there is no active secretion of 
oxygen into the blood during rest under normal conditions. As soon, 
however, as appreciable want of oxygen begins to be produced within 


the body by restricted oxygen-carrying power of the blood active 


secretion of oxygen inwards begins, and becomes very marked when 
sufficient CO has been absorbed to produce oe — of want | 


of oxygen. 
If this interpretation of the results is correct we . expect to 


find that when oxygen is breathed a higher percentage saturation of 
the blood with CO can be borne without any active secretion of oxygen _ 
being’ produced. With mixtures of oxygen and carbon monoxide = 5 


ee the senior shown in Table II. 


TABLE IL 


O16 81°38 | 77˙4 88 
- Caloulated without reduction for aqueous vapour. 


j 


15 = will 8 from the table that when nearly pure W is 
breathed. the blood of a living mouse may become more than 50 pe. 


saturated with CO before its lungs are stimulated to active secretion 


of oxygen. At first sight this result may seem anomalous, since when 
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pure oxygen is breathed arterial blood half-saturated with CO will only 
carry about two volumes per cent. more oxygen than when ordinary air 
is breathed: in other words about a tenth more oxygen, This extra 
oxygen is, however, carried almost entirely in simple solution, and the 
whole of it is readily available for the supply of the tissues, whereas of 
the oxygen carried in the haemoglobin only about a third is available 
without the oxygen pressure in the capillaries falling abnormally low. 
The breathing of pure oxygen really, therefore, increases the readily 
available oxygen in the arterial blood by about a third, and the absence 
of active secretion in the second experiment in the table is thus readily 
intelligible, even allowing for the fact that the mixture breathed 
contained only 73°5 p.c. of oxygen. 

Haldane and Lorrain Smith’ also made experiments on mice 
with oxygen, but found, contrary to their expectations, that the arterial 
oxygen pressure, as calculated by them, was about 50 p.c. higher than 
the alveolar oxygen pressure. As already explained, their results were 
calculated about 50 p.c. too high, and thus really agree completely with 
The first two experiments in the table are also significant in another 
respect. It will be noticed that when about 80 p. 0. of oxygen was inspired 
the difference between the oxygen pressure of the inspired and alveolar 
air was about 6˙5 p. o. as compared with 8 pe. when air was breathed. The 
slightly smaller difference in the former case is accounted for by the 
fact that as very little nitrogen was present the respiratory quotient of 
less than unity. would have hardly any influence in reducing the alveolar 
oxygen percentage. It would thus appear that the low arterial oxygen 
pressure (13 p.) when air is breathed depends, not upon failure of the 
blood to come into diffusion equilibrium with the alveolar air, but upon 
the fact that there is only about 13 p.c. of oxygen in the alveolar air. 
Had the diffusion equilibrium been not quite complete when air was 
breathed it would certainly have been complete when 80 p.c. of oxygen 
was breathed, as the available diffusion pressure in the latter case would 
be about 490 mm. of Hg as compared with about 60 mm. in the former 


THE ARTERIAL OXYGEN PRESSURE OF MEN. 
The first experiments on the arterial oxygen pressure by the CO 


method were made by Haldane and Lorrain Smith* on men. The 
‘subjects of these experiments were allowed to breathe through a 


This Journal, xx. 5. 21. ‘Ibid. xx. p. 407. 1806. 
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mouthpiece air containing a known percentage of CO until the percent- 
age saturation of the hemoglobin with CO was found to have become 
constant. The arterial oxygen pressure was then calculated in the 
usual way, on the assumption that the hemoglobin of human blood 


would become half-saturated with CO in presence of air one | 


07 p. of CO. 

Aſter further experience of the methods these early experiments 
did not satisfy the authors. The method of titration then used was 
comparatively rough, and, as was afterwards found, was liable to fallacy 
owing to decomposition of the blood solution during the long experiments. 
Owing to defects in the apparatue the breathing of the mixture was 


also occasionally interrupted. On endeavouring to repeat the experi- 
ments a year or two later they obtained some results indicating that 


the saturation had probably not reached its maximum in the published 
experiments; but they were unable to continue the investigation. 


A farther attempt was made still later by Dr Haldane and the late 
Dr H. C. Lecky. The subject of the experiment sat in a respiration — 


chamber of about 70 cubic feet capacity. Through the chamber a 
current of about 10 cubic feet of air per minute was aspirated, and 


measured exactly by means of a large wet meter. To this current, as it 
entered the chamber, the required percentage of CO was added through 


a very small meter from a gasometer at constant pressure and containing 


an analysed mixture of CO and air. The time available permitted of 
only three experiments; but they are worth quoting, as they at any | 


rate show the difficulties. inherent in the method: used. 
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Both of these experiments were interrupted by failure of the daylight. In a third 
experiment a mixture containing 096 p.c. of CO was passed through the chamber for two 
hours, so as to produce rather rapidly a high percentage saturation of the blood. At the 
end of 14 hours the saturation was 25°1 p.c. The percentage of CO in the incoming air 
was, by increasing the current of pure air, reduced to 086 at the end of the second hour, 
tions observed were as follows: eae 


After 2 hours 10 mites mg per cent, 


57 86°5 * 
4 „ 0 ” 
„ 4 „ 0 „* ˙7 
„ „ „ 88 „, 
| Mean | 


| experiments Dr Lecky was ‘the subject, The 

samples of blood were taken from a finger passed through a hole in the 
wall of the chamber, the titrations being carried out by Dr Haldane. 
As the ventilation was only sufficient to change the air of the chamber 
once in seven minutes (once in 20 minutes during the first part of the 
third experiment) the absorption during the first hour was of course 
somewhat less than would have been the case if the mixture had been 
constant from the start: the first and second experiments show well the 
gradual falling off of the raté of absorption as the point of equilibrium 
between the pressure of CO in the arterial blood and that in the alveolar 
air is reached. It is evident that about six hours or possibly more 
were needed for this point to be reached in the first experiment; and 


apparently more than seven hours in the second. In the third experi- 


ment the results seem to indicate that some fluctuation was occurring 
in the point of equilibrium. 

The results show clearly the practical difficulties of determining the 
exact point of equilibrium in man by this method. The time required 


is evidently very long, and calculation shows that it would be still 


longer if lower percentages of CO were employed. In the experiments 
of Haldane and Lorrain Smith the rate of absorption was faster. 
This was probably due to increased respiratory exchange caused by the 
constrained position occupied by the subject and the fact that the room 
was very cold. These circumstances may also have influenced the 
results in other ways; for any rise in the arterial oxygen pressure 
during the experiment would evidently curtail very greatly the time 
required for equilibrium to be reached. Haldane and Lorrain Smith’s 
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results indicate that a curtailment of this character had occurred, 


although, as already mentioned, the imperfections of the method of 
titration used by them made their calculations very rough. 3 
ke reasons why the point of equilibrium was reached 80 slowly ix in 
man, and so rapidly in mice and other small animals, are evident enough. 
In the first place the respiratory exchange 1 in mice is about 15 times as 
great per unit of body weight as in a man, while the ratio of blood 


volume and total hemoglobin to body weight is practically the same. 
In addition to this, mouse hemoglobin becomes considerably less 


saturated in presence of a given percentage of CO than human blood, 


as was shown in our previous paper. It is only, therefore, what might 
be expected that with low percentages of CO about six hours would 


be required for equilibrium to be reached in man, and only about 
15 minutes in mice. With higher percentages of CO the time would, 
* course, be correspondingly less in both cases. 


The dissociation curve given by Dr Lecky’s blood in presence of a 


mixture of CO and air was unfortunately not determined, as we were 
unaware at the time that this curve differs appreciably in different 
individuals ; but if we assume the mean values of the curves at body 


temperature for the blood of J. S. H. and C. G. D. we can calculate 


approximately the arterial oxygen tensions for the three experiments. 


From the data it appears that the equilibrium point was about 33 po. 
saturation in the first, 44 p.c. in the second, and 38°5 p.c. in the third 
experiment, The corresponding arterial oxygen pressures are 205, 
148, and 15˙4, or (after correction for moisture) 146, 106, and 110 mm. 


These values indicate that the arterial oxygen pressure was somewhat 


above that of normal alveolar air (about 100 mm.) Such a result is 


consistent with the data for mice, and with other data to be referred to 


below. The percentage saturation of the blood was apparently too high 


to afford normal resting results. 


In connection with the present experiments we were anxious to | 
work with a low saturation of the blood—not exceeding 25 p.c. saturation — 
as a rule—with CO, and if we used the old method we could therefore 


hardly hope to be certain of equilibrium in a time sufficiently short to 


render the experiment practicable under the conditions of daylight 
which appertain to the winter months in this country. Another course 


besides that described above lay open to us, and was, in essence, the 


converse of the preceding method. We might first absorb quickly suck 


an amount of CO as would saturate the blood to the extent desired, 


and then breathe into a small closed air space, whose atmosphere was 
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kept of constant composition. Under these circumstances CO would be 
given off into the air space, and as this was of small size the air would 
be frequently rebreathed, and the CO in the arterial blood and in this 
) air would rapidly reach equilibrium. The method which we finally — 
* adopted was as follows. The subject first of all inhaled a certain 

| quantity of CO—generally speaking about 200 to 250 c.c., to give about 
25 p.c. saturation—from the apparatus used by Haldane and Lorrain — 
Smith for determining the volume of the blood in mani. The admini- 
stration of the gas occupied about twenty minutes, and breathing into 
the apparatus was continued for five minutes after the whole of the CO 
had been given, so as to ensure that all but the merest traces had been 
absorbed. Thereafter the subject commenced to breathe, with as little 
delay as into the depioted in 
Fig. 


* 3 


4 


Iti is of the closed-volume type in 1 which the oxygen is rae 8 
on the Regnault-Reiset system, and will be referred to subsequently as 
the “ respiration apparatus.” | 

i The subject, wearing a nose clip, breathes through the mouthpiece 
A, inhaling through the inspiratory valve B, and expiring through the 
valve C. The expired air passes through a rubber pipe of large calibre 
. to the tin vessel D, which is filled with small fragments of solid caustic 
5 soda, and is made of such a size (diameter 23 cms,, depth 12 cms.) that 
the whol of the carbonic acid in the expired air is effectively removed. 
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Another rubber pipe leads the outgoing air current from D to the bottle 
E of 12 litres capacity, which is connected by another pipe with the 
inspiratory valve B. The entrance and exit pipes of E are so arranged 
that the incoming air current is directed to the bottom of the bottle, 
while the subject inhales air from the top. The arrows indicate the 
direction of the air current caused by the subject's respiration in the 
main circuit. Two side pipes lead into the rubber pipe connecting 
D with E. One of these, G, is of large bore and short, and is connected 
with a vulcanised rubber gas bag of considerable size, such as is utilised 
on Clover’s ether apparatus. This bag serves only to accommodate 
each expiration, as the rest of the apparatus is indistensible, and at the 
end of inspiration the bag collapses entirely. The other side pipe F 
serves for the admission of oxygen. The oxygen supply is so arranged 
that oxygen enters the main air circuit automatically to fill up the AS 
deficiency caused by the absorption of oxygen by the subject at each 1 
breath. It is essential in a closed system of small size that the oxygen a 
supplied shall be pure: the small amount of nitrogen contained in 
ordinary cylinder oxygen renders its use inadmissible. We have there- 
fore in all the later experiments used oxygen made by the action of 
water on oxylith in the generator H. The current of oxygen is 
controlled by the tap at the top of the generator, and passes along a 
pipe past a blow-off valve to air J, through a small gas-meter K and 
thence through a water valve M to enter the main air circuit at F. 
The height of the water above the orifice of the pipe in M is about 
2 mm. greater than in J, and the oxygen therefore passes out to air 
through the valve J unless a slight negative pressure is got up in the 


main air circuit, when it will pass by preference through M. Such a £ 
negative pressure obtains in the main air circuit only at the end of an ak 
inspiration, and depends upon the fact that the whole volume of air in 3 


the circuit is diminished by the amount of oxygen absorbed at the last 
breath of the subject, as the carbonic acid expired is removed. The 
meter records, therefore, the actual oxygen consumption by the individual. 
Interposed between the meter and the valve M is a small rubber bag L, 
such as is used in a small sized football. This serves as a reservoir for 
the oxygen, and enables a free and sudden supply to be drawn into the 
air circuit. Without this it would be necessary to run the oxygen from 
the generator at an excessive and wasteful rate, and the slight resistance 

of the meter might be felt. In practice the oxygen supply is so 

i We have found a gas-meter built to Bohr’s specification by the Danskmaalerfabrik, 
Copenhagen, which records one litre per revolution, admirable for this purpose. 
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adjusted that it is just escaping continuously to air through J, s0 as to 


oeesure that the bag L is filled to constant pressure: otherwise the 
ie readings of the meter will not accurately represent the oxygen con- 
gSumpfion. 

* A Haldane gas analysis apparatus Mis attached directly to the air 
. pipe leading from the bottle E to the inspiratory valve, so that samples 


of the inspired air may be withdrawn at intervals during the experiment 
for analysis. The extremity of a vacuous gas sampling tube 0 is 
inserted into the pipe between the expiratory valve and the caustic soda 
tin, and close to the former, for the purpose of obtaining a sample of 
alveolar air by Haldane and Priestley’s method. By means of the 
tap P, connected with the laboratory water supply, a large volume of 
air can be displaced from the bottle # through the pipe R, and used for 
filling saturating vessels, etc, Before each experiment the apparatus is 
ie tested for air-tightness by disconnecting the oxygen supply pipe at F 

a and substituting a water manometer for it, and then getting up a 
oo positive or negative pressure by blowing in air or sucking it out through 
the mouthpiece. The whole apparatus is readily blown out with fresh 
air by disconnecting the return air pipe from the inspiratory valve and 
blowing through the mouthpiece with a pair of bellows. The apparatus 
has been made in a portable form as is shown in Fig. 2. The different 
parts which are lettered to correspond with the diagram remain in situ 
for the most part when the box is closed, the valves, tins of oxylith, 

- dismantled oxygen valves etc. being placed in the compartments 8. 
It is obvious that if sulphuric acid water absorbers were inserted 
into the main air circuit on either side of the caustic soda tins, it 
would be possible to estimate the CO, output from the lungs by the 
ordinary gravimetric method, though this was unnecessary in the present 

instance. 

We have found that the percentage of oxygen in the air in the 
apparatus falls by about 0°8 p.c. during the first five minutes of an 
experiment, doubtless owing to the rise of temperature caused by the 
breathing, which will hinder the entrance of oxygen.- After this the 
oxygen percentage shows oscillations, which however do not exceed 
1 pe. Such oscillations are unavoidable, seeing that the oxygen supply 
must be influenced in this method by the depth of the individual 
breaths: the percentage could only remain absolutely constant if the 
depth of breathing was itself constant. For the same reason the 
oxygen consumption en not be determined over a shorter — 
than five minutes. 
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One great advantage of this apparatus is that it is very easy to 
subject oneself to atmospheres containing different percentages of oxygen 1 
by means of it. To obtain an atmosphere poor in oxygen all that is 7 
necessary is to uncouple the oxygen supply from the valve M and 
breathe into the apparatus. Air now enters through F instead of 1 
oxygen, and breathing is continued until analysis of the inspired air 1 
shows that the required degree of oxygen deficiency has been produced. 1 
If the oxygen supply is now re-established the artificial atmosphere : , 


produced will remain constant. To obtain an atmosphere rich in 
oxygen, the gas may be blown in through the orifice for the alveolar air 
sampling tube, leaving the mouthpiece free for the escape of the 
displaced air from the return air pipe. 5 
The total volume of the air in our apparatus is about 15 litres, and 
we may therefore presume that the whole of it goes through the aveoli 
of a resting adult subject in three minutes, We have on a number of 
occasions breathed into the apparatus for an hour with the greatest 4 
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comfort, the perbentage of oxygen meanwhile varying. only within the 
limits mentioned above. | 
The time during which the subject breathed into the respiration 

apparatus in our experiments has varied on different occasions from 
twenty minutes to one hour. So far as we could ascertain the shorter 
time was sufficient to establish equilibrium of concentration of the 
carbon monoxide in the blood and in the air breathed, though we have 
as a rule adopted a period in excess of this as a matter of precaution. 
In our earlier experiments we passed about 2 c.c. of CO into the air 
in the respiration apparatus before beginning to breathe into it, in order 
that the percentage of this gas present at the start might approximate 
to its final value. As this procedure had no influence on the result of 
the experiment we gave it up, and the respiration apparatus thereafter 
always contained air free from CO at the commencement of the — 

ment. 

Analyses of the inspired air were vat 8 times during the 
course of the experiment, as it was naturally important for our purpose 
that the composition of the inspired air should show none but minimal 
variations. Shortly before the close of the experiment a sample of blood 
was withdrawn from the subject's finger into a capsule, and defibrinated 
with a platinum wire. 0°05 Cc. of this blood was then introduced into 


_ the saturating vessel in the manner described above. Immediately 


afterwards two further small samples of blood were taken from the 
subject's fingers—as a rule one from each hand—the blood being 
received into small test-tubes quite full of water, which were immediately 
_ corked. These samples served for the.colorimetric determination of the 
degree of saturation of the blood with carbon monoxide. A last sample 
of the inspired air was then taken, and a sample of the alveolar air. 
Breathing into the apparatus was continued for about two minutes in 
case the composition of the air in the respiration apparatus had been 
2 by the deep expiration necessary to afford the alveolar air 
sample: some carbonic acid for instance might have got through the 
caustic soda tin. The experiment then terminated, and the mouthpiece 
of the respiration apparatus was at once closed. The saturating vessel 
containing the blood was as soon as possible filled by displacement with 
some of the air remaining in the respiration apparatus, which was 
_ expelled for this purpose from the bottle F by the arrangement 
indicated at P and R. While the saturating vessel was being rotated 
in the water bath at 38°, the determination of the degree of saturation 
with carbon monoxide of the samples taken from the fingers was 
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respiration apparatus, and when necessary of a sample from the saturating 


vessel, completed. After the saturating vessel had been rotated for half 
an hour or more, it was removed from the water bath and the degree 
of saturation with carbon monoxide of the blood contained in it was 
determined, All the data for calculating the oxygen pressure of the 
arterial blood and contrasting it with that of the alveolar or of the 
| inspired air were then at our disposal. At the end of this paper is 


given a protocol of one of these experiments, and it will serve to make 


our procedure clear. 


Our first experiments on man were taken up with 8 the 


arterial oxygen pressure under as normal conditions as possible, and we 


especially wished to guard against the effects of deficiency of oxygen. 
We therefore employed a low saturation (23 p.c.) of the blood with CO 
and made sure that the respiration apparatus contained a normal 


atmosphere by ventilating it freely with fresh air before the experi- 


ment. All the experiments were made with the subject sitting at rest. | 


The results of these experiments are collected in Table III. 


The figures show quite distinctly that under normal circumstances 


when the subject. is at rest the arterial oxygen pressure in man 


corresponds exceedingly closely to the pressure of oxygen in the alveolar 


air. In fact in no single instance does the value of the arterial oxygen 


pressure differ from the alveolar by a greater amount than can be 


accounted for by the experimental error of the method. 


We then tested the effect of raising the alveolar oxygen tension 
considerably above the normal value by filling the respiration apparatus 
with an atmosphere rich in oxygen. The results of the experiments 
are also given in Table-III. Here again the figures show that the 


arterial and alveolar oxygen pressures have practically identical 


values. In these experiments on man we have been content to use 
only a moderate increase of the alveolar oxygen pressure, for the higher 


the oxygen pressure is raised the less proportional difference is there 
between the inspired air and the alveolar air. A point will therefore 


eventually be reached when the determination of the difference of tint — 
between the blood withdrawn from the body and that saturated with 
the inspired air in vitro will fall almost within the experimental errors 


of the method, It should be noted that in these experiments the 
carbonic acid in the alveolar air had precisely its normal value, namely 


5°6 p.c. when measured dry, and we have therefore no reason to _— | 


that the alveolar air irnamples were other than normal. 
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Having thus obtained results which indicated that during rest under 


normal conditions the transference of oxygen through the pulmonary 


- epithelium occurs without active secretory intervention of the alveolar 
epithelium, we were naturally anxious to test the matter further 
under conditions in which some amount of deficiency of oxygen might 


affect the subject. The necessary deficiency of oxygen was obtained 
by subjecting the subject to an atmosphere containing a considerably 
lower percentage of oxygen than the normal. The experimental 
procedure was precisely the same as before, save that we filled the 


respiration apparatus before the start with an appropriate atmosphere 
by the method: described above. The results of these experiments are 


collected in the middle part of Table III. 


The partial pressure of oxygen in the air breathed corresponded to ö 
an altitude of 15,000 feet or over; yet, we would note, a 23 po. saturation 
ol the blood with carbon monoxide waa tolerated without inconvenience. 


One of the subjects was liable to headache when his blood was saturated 


to 25 pe. or more with carbon monoxide, but this was in no wise 


accentuated in these experiments, That deficiency of oxygen was 


. exerting its customary effect on the respiration is indicated by the low 
value of the alveolar carbonic acid percentage. Both the subjects 
noticed distinct hyperpneea for some time after commencing to breathe 


into the respiration apparatus, and that this was accentuated on the 


slightest movement. The face remained of a distinctly bluish colour 

throughout the experiment, but the blueness passed away if the 
buperpncea became exaggerated for a short time by muscular movement. 

On rebreathing normal air at the close of the experiment well-marked _ 


Cheyne- Stokes breathing was once or twice observed, indicating that 


the want of oxygen had induced a real hyperpnoea which had lowered the : 
general carbonic acid pressure in the body considerably. ; 
In caleulating the arterial oxygen pressures from the experimental 7 
data of these experiments it was necessary to make allowance for the 


fact that the arterial blood was not fully saturated with oxygen and CO, 
while the blood from the saturator must have been almost completely 


saturated, as the oxygen pressure in the air of the saturator was 
considerably higher, and hardly any CO, was present. To calculate 


the arterial oxygen pressures without making allowance for this fact 


would give too high a result in experiments with low percentages of 


oxygen. The effects of incomplete total saturation of the haemoglobin 


on the dissociation curve of CO-haemoglobin in presence of varying 3 
partial pressures of oxygen have been discussed in detail in the 
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preceding paper, and Fig. 6 of that paper embodies results obtained 


with blood from C. G. D., one of the subjects of the present experiments. 
The two lower curves in that figure were experimentally worked out 
with special reference to the present series of experiments with low 
partial pressures of oxygen, and make it possible to read off the 
corrected arterial oxygen pressures, This process would have been 
simplified somewhat if we had added as much CO, to the air in ‘the 
saturator as was present in the alveolar air, But we could not tell 
beforehand how much CO, would be present in the alveolar air, and we 
therefore added no CO, except in three experiments. To illustrate the 


mode of calculation we may suppose that the blood from the saturator 


was 15˙5 p.c. saturated, and that 12:7 p.c. of oxygen was present in the air 
of the saturator, corresponding to a partial pressure of 120 p.. in dry 


air, or 91˙2 mm. of Hg with the barometric pressure normal. These 


values fall exactly on the lower rectangular hyperbola in Fig. 6 of the 
preceding paper. Let us suppose now that the blood of the subject of 
the experiment was found to be 22 p.c. saturated. This value corresponds 
on the lower rectangular hyperbola to a partial pressure of 7°8 p. of 
an atmosphere, or 55°6 mm., and, on the corresponding lower actual dis- 
sociation curve, to a partial pressure of 6°8 p.. (72 pe. without correction 
for aqueous vapour) or 48˙4 mm. The latter is the correct arterial 


oxygen pressure, and it will be seen that if calculated in the ordinary 


way, the result would be nearly 1 p.c., or 7°2 mm. too high. 3 

In the above illustration of the method of calculation employed, we 
have taken values for the percentage saturation of the saturator blood 
and oxygen pressure in the saturator which fall exactly on the lower 
rectangular hyperbola of Fig. 6 of the preceding paper. The values 
for the actual experiments do not fall exactly on either curve, but 


are so near to them that there is no difficulty in reading off the results. 


On looking at the results of the four experiments it will be seen that 
in every case the arterial was above the alveolar oxygen pressure. The 
mean difference is outside the limite of experimental error, but only 
amounts to 9 mm. Further diecussion of this result Sie be ere 
till later. | 

A further series of experiments was ad with the 8 g 
muscular work. Preliminary experiments made with the work done 
on a tricycle ergometer bad shown that when the breathing was greatly 
increased difficulties arose with the apparatus. We therefore decided 
to make use of work with only one arm. This enabled us to push the 
work to the point of fatigue, when want of oxygen would be — 
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in the muscles, with formation of lactic acid. That lactic acid. was 


actually formed is indicated by the low alveolar CO, percentages. The 
work apparatus which we employed was of the simplest description. 
It consisted of a lever which could be moved backwards and forwards, 


and transmitted its motion by means of a connecting rod to a small 


table carrying a weight which slid to and fro upon a smooth plank, to ) 


one end of which the lever was pivoted. 
The work apparatus was placed upon the ground adjacent to the 
chair on which the subject sat, so that he could move the lever and yet 


breathe comfortably into the respiratory apparatus. By increasing the 


weight the amount of work done by the subject could be raised. It 
was not possible to measure the actual work done in mechanical units, 


but we could do so in physiological units by observing, by means of the 


small gas-meter, the effect on the oxygen consumption of the subject 
per minute. What we term “moderate work” in the Tables below 
was sufficient to raise the total oxygen consumption to one and a half 


times its resting value, while “severe work” doubled the resting — 
oxygen consumption. Work which doubles the resting oxygen 


consumption is only equivalent to walking on the flat at two miles 
per hour, and does not sound particularly severe, but we found it 


sufficiently tiring when it was performed by one arm only, and kept sted en 


for half an hour at a time. 


The lower part of Table III shows the results of the work experi- 
ments, These results are very striking: for the arterial oxygen 
pressure was on an average 44 p.c., or 32 mm. of mereury, above the 
alveolar oxygen pressure, and in two experiments was 8˙5 and 15°6 mm. 
above the oxygen pressure of the inspired air (allowing for — : 


vapour). 


In the last experiment on the Table the effects of muscular 580 a 
onl low oxygen in the inspired air were combined. It will be seen 
that the arterial was 33°5 mm. above the alveolar oxygen pressure, 


whereas with a low oxygen in the inspived air and no work the arterial 
never exceeded the alveolar oxygen. pressure by more than 13 mm. 
As already mentioned, it was noticed that when work was done 
while a low oxygen percentage was being breathed the lips and face 


lost the bluish colour due to the low oxygen, and became of a normal 


red colour. It was also noticed many years ago by Loewy? that even 


Ii Loewy, Untersuchungen d. 4. Respiration und Circulation, Berlin, 1898, p. 16. The 
fact that Geppert and Zuntz (Pfuger' Archiv, xu. p. 189. 1888) found a little more 


oxygen in arterial blood during also in the 
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a slight muscular exertion produced a marked improvement in the 
subjective symptoms of want of oxygen in a steel chamber at low 
atmospheric pressure. Our results on the arterial oxygen pressure 
during muscular exertion furnish an evident clue to these observations. 

In addition to the experiments quoted above we made a number of 
other experiments at a time when the apparatus and method were not 


fully perfected. We were still using oxygen from steel cylinders, and 


from this cause and the presence of slight leaks the oxygen percentage 


in the apparatus sometimes fell considerably during the experiment. 


In some experiments no sample of the alveolar air was taken, and in 
other ways the data were less complete than in the experiments already 
quoted. We have included these early experiments in Table IV. 


— — 2 


Subject , C0, Invivo Invitro & 
O.G.D, 20-30 0-00 1188) [5-6] 27:3 200 182 99-2 
„ 0-07 [149] 29:0 20:0 186 91:3 
H. 21-00 0-15 [14-0] [5-6] 25-0 171 129 92˙1 
„ 1668 0-89 [9-0] [5-6] 150 100 111-1 
„ 2020 0-28 14:80 5-17 82:1 266. 15:9 107-4 
„ 15°75 0-54 10-67 5°54 82-4 822 156 1462 
C.G.D. 1916 0°67 12°05 6-08 85:0 295 149 124-1 
H. 2007 0-82 14°88 65:42 254 190 144 974 
„ 2016 0-05 18°08 5°52 39˙1 28-2 12:5 No symptoms produced by ihe OO. 
CGD. 19-30 0-10 12-77 6:18 27-2 28-3 128-0 After taking the OO the subject 
7 e ing into the apparatus. 
1.8. H. 15°10 0.10 5:82 28-2 15°38 98 109-4 Gentle work ontricycleerg 
„ 20°50 0-12 [18-0] 5:58 276 225 156 1200 „ 
C.G.D. 21°80 0-18 [14:8] 5-74 22:0 167 16:3 106-1 


Bax 


Among them are four experiments in which the saturation of the blood 
with CO exceeded 30 pio, and two experiments during which the 
subject performed gentle work on a tricycle ergometer. One or two in 
which the oxygen percentage fell to a low point during the experiment 

have been omitted, as the calculations of the results were uncertain. 
Where the alveolar oxygen percentage was not determined we have 
inserted probable values in brackets. 
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It will be seen that for the som resting experiments the arterial 


are about the same as the alveolar oxygen pressures, just as in the more 


exact experiments already given. In the cases where the blood was 


more than 30 pc. saturated with CO the arterial oxygen pressure 


averages about 19 p.c. or 17 mm. higher than the alveolar oxygen 


pressure; but it will be noticed that in the experiment where the 
saturation was highest (39 p.c.) there was no rise of arterial oxygen 


pressure. From this experiment it seems clear that the blood may be 
40 p.c. saturated without any appreciable rise in the arterial oxygen 


pressure during rest at any rate during short experiments. The 


results of the experiments on Dr Lecky already quoted above, point 


in ‘the same direction, On the other hand the results as a whole 


indicate that with the blood more than 30 p.c. saturated the arterial 


oxygen tends to rise; and it seems very probable that with long 
exposures and a slight degree of muscular exertion this rise would be 
much more marked, even with the blood not more than 40 p.c. saturated 
with CO. 


The experiments with work on a . tricycle gave a distinct rise in 


arterial oxygen pressure, but it would be rash to draw any definite 


conclusion from these rather imperfect experiments. The work was only 
very moderate in amount, and not such as to produce any sign of 
oxygen want in the muscles, The experiment in which some hard work 
(running thrice upstairs) was done just before breathing into the 
apparatus gave also a high result, but not 80 e the — . 


in Table II. 


88 OF THE RESULTS. 


Ib discussing the physiological significance of the results we have : : 


reached, and their relation to the results of other observers using the 


aerotonometer method, we may begin with the normal resting arterial 
5 oxygen pressure. As shown in Table III, the arterial oxygen pressure 
in man is identical, or practically identical, with the alveolar 8 5 


pressure, and is about 100 mm. of mercury. 


It was shown by Haldane and Lorrain Smith’ that the average | 


proportion of hemoglobin contained in the blood of adult men is capable 


of taking up in chemical combination 18°5 c.c. of oxygen per 100 cc. of 


blocd. At 100 mm. oxygen pressure the hemoglobin of human blood 


to the dissociation curves published Bercrote and 


1 This Journal, xxv. — 1900. 
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ourselves in the preceding paper, 96 p.c. saturated with oxygen. Hence 

ee average human arterial blood contains 18°5 x = 17:76 p.c. of oxygen 

in combination with hemoglobin. In addition to this such blood would 

a. contain, according to Bohr’s coefficient of absorption of oxygen in blood 

at 37°; 0°36 p.c. of oxygen in simple solution, so that the total free 

and dissociable oxygen in average human arterial blood is 181 pe. 
This is a physiological value of considerable interest. 

It might at first sight seem improbable, on the theory of 8 
diffusion, that arterial blood would be so completely saturated to the 
alveolar oxygen pressure; and determinations of the oxygen by the 
blood- pump, and of the arterial oxygen pressure by the aerotonometer, 
have hitherto indicated that arterial blood is not so highly saturated. 
We must therefore consider whether our result is probable in relation 
to what is known as to the diffusion of oxygen through the lung walls _ 
into the blood. Until recently there was no reliable method of 
estimating the rate of this diffusion. Bohr’ has shown, however, that 
it is possible to measure the rate of diffusion of CO inwards; and from 

experiments made by one of us (J. S. H.) on himself, and published in 
this Journal in 1895 (XVII. p. 430), he has calculated the actual rate of 
diffusion inwards in man with a given difference of partial pressure 
between the CO in the alveolar air and that in the blood. Unfortunately 
the calculations were based on data which were not altogether reliable, 
as the blood: volume of J. S. H. was taken to be 25 p.c. less than what we 
now know, from many experiments, that it actually is. There were 
also other probable sources of error in the data. Another experiment 
described on p. 446 of the same paper gives much more reliable data 
(dependent solely on analysis and measurements of the inspired and 
expired air), from which we estimate that the absorption of CO was at 
the rate of about 22 c.c. per minute and per mm. of difference between the 
pressure of CO in the alveolar air and the blood. This is more than 
Bohr's estimate, but nearly the same as the estimate of A. and M. Krogh’, 
who also made experiments on the subject. From the rate of diffusion 
of CO Bohr calculated the rate of diffusion of oxygen by allowing for 
.the greater solubility and slightly smaller diffusibility of the latter gas. 
From their own experiments and Bohr’s, A. and M. Krogh calculate 
| that the rate of diffusion of oxygen per minute and per 1 mm. of 
= difference in oxygen pressure is about 25 cc. during rest and 38 od. 


1 Shand. Arch, J. Physiol. xn, p. 261. 1900; J. Physiol. xm. p. 874. 
1909. 
Skand. Arch. J. Physiol. p. 236. 1910. 
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during the hyperpnosa caused by hard work; and we may ier these 
figures as a basis of calculation. — : 1 
Venous blood during rest contains about two-thirds as much oxygen 1 
as arterial blood; and we may therefore assume that the venous blood 5 
is saturated 64 p.c., or toa pressure of about 37 mm. of oxygen, while 1 
the oxygen pressure in normal alveolar air is about 100 mm. The 
initial difference of pressure is thus about 63 mm. If this difference of | oe 
pressure were maintained the quantity of oxygen absorbed during rest ie 
would be 63 x 25 = 1575 c.c. of oxygen per minute, whereas the quantity 4 
actually absorbed during rest is only about 300 cc; so that the mean 
diffusion pressure over the whole period during which the blood is 
passing through the alveolar capillaries can only be = 12 mm. 
The final diffusion pressure, or differente between alvéolar and arterial 
oxygen pressure must thus, evidently, be extremely small. To calculate 
what happens we may consider what occurs during successive tenths of 
the process of diffusion of oxygen inwards. On referring to the 
dissociation curve of oxybhæmoglobin in human blood (Fig. 3 of the 
preceding paper) it is easy to calculate by trial that during the urst 
tenth of the process the mean difference of pressure will be ab' ut 
38 mm,, and the quantity of oxygen absorbed 58 x = 145 cc,, — 
the peroentage saturation of the blood will have risen from 64 to 80, — 


the oxygen pressure from 37 to 48 mm. In the seco ‘tenth the mean 

difference will be about 42 mm., and 105 c.c. of oxyggh will be absorbed, __ 

so that the percentage saturation will have ri m 80 to 91, and the eat 
oxygen pressure to 68 mm. In the third the meandifferencewill eo | 


be about 18 mm., and 45 cc. of oxygen will be absorbed, so that the 
percentage saturation will have risen from 91 to 95°5, and the oxygen 


pressure to about 96 mm, or practically that of the alveolar air. In the if 
remaining seven tenths. of the process the difference will of course 1 


become immeasurably small. | | 
On the diffusion theory, therefore, there should be no measurable — : 
difference between arterial and alveolar oxygen pressure, and this is the 
result: which the CO method gives. 
For animals we do not possess data for such accurate calculations. 
A small animal, such as a mouse, absorbs about 15 times as much 
oxygen per unit of body weight as a man, and roughly speaking the 
lungs have to absorb about 15 times as much oxygen per unit volume of 
lung. It might be that the structure of the lungs in small animals is 
not so adapted as to permit of a correspondingly increased rate of 
diffusion. The experimental data as to mice and other. amall animals 
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to CO indicate very clearly, however, that the necessary 
modification of structure existe—at any rate to a large extent. We 
have seen that mice and rabbits absorb CO at a rate which corresponds 
more or less completely to the increased rate at which they absorb 
oxygen; The same is true of small birds; and on this fact depends 
the now very general use of small warm- Hooded animals for rapidly 
indicating the presence of CO in the air of mines, as originally 
recommended by one of us’. We must, therefore, regard it as probable 
that the rate of diffusion of gases from the alveolar air into the blood 
increases more or less proportionally to the normal respiratory we- 
or to the surface area“; and we must consequently assume that the 


normal resting arterial oxygen pressure ought, on the diffusion theory, 
to be equal to the alveolar oxygen pressure. We have already quoted 


evidence (in connection with determinations during the breathing of 
oxygen) which indicates that this is so for mie. 

This brings us to a discussion of the aerotonometer method of 
measuring the arterial oxygen pressure. ‘There are two reasons why we 
have not employed. this method. One of these reasons is that the 


necessary operative procedure introduces very serious physiological 


. disturbances, the effects of which on the breathing may be, and probably — 


are, great, and difficult to allow for. The regulation of breathing and 


circulation i is evidently a far more deen process than was formerly 


| the clearest evidence that the arterial oxygen pressures given by the 


aerotonometer method are a good deal too low. All the observers who 
have worked with this method have found arterial oxygen pressures 
lower than the calculated alveolar oxygen pressures of the animals 
employed. Thus, Fredericq* concludes that the arterial is several 
per cent. lower than the alveolar oxygen pressure. To take a typical 


result: he found the arterial CO, pressure to be 2°9 po. and the oxygen 


pressure 1277 pio. while the animal was ‘breathing ‘pure air. Thus the 
arterial oxygen pressure was about 46 p.c. (or 33 mm.) lower than it 
ought to have been on the diffusion theory if, as Fredericq assumes, 
the arterial CO, pressure was a reliable index of the percentage of CO, 
and oxygen in dhe alveolar air. In his ee en inhalation of 

This Journal, p. 448. 1996. 
Bohr has already concluded, 
diffusion is proportional to the surface area (Ouirdl. J. Physiol. xx. p. 248. 1909) ; . 
as pointed out above, his results for men may haue been too lou. | 

* Arch, de Biol. . p. 105. 1894. 
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oxygen’ there are still greater inconsistencies. Thus in the last and 
best experiment the mixture breathed contained 84°6 p. of oxygen, and 


the arterial oxygen pressure found was 56°2 p.c. and the CO, pressure 


51 pe. In this case, assuming that the CO, tension was correct, the 


oxygen tension ought, on the diffusion theory, to have been 79 p. The 


value actually found was 23 p.c., or 163 mm., too low. 


In the more recent, and much more perfect experiments of ‘. and 


M. Krogh? the difference between the alveolar oxygen pressures and 
the arterial oxygen pressures found by the aerotonometer is not so great 


as in Fredericq’s experiments, but is in the same direction, and varied 
from 1 to 4 po. when air was breathed. In a further paper“ A. Krogh © 


gives the results of some determinations when air containing about 45 p.c. 


of oxygen was breathed, some of the experiments being with the very 


rapid “micro-tonometer.” The pressure of CO, in the aerotonometer 
averaged 1°85 p.c. and of oxygen, 33:25 p.c. in the ordinary aerotono- 
meter and 34°15 in the micro-tonometer, whereas the real arterial oxygen 
pressure must have been, assuming that the CO, pressure was right, 
about 43 p.c. Thus even with the micro-tonometer, which gives results 


very rapidly, the arterial oxygen pressure was apparently 9 pc, or 


i mm. too low. 
W330 saturated in passing through the alveolar capillaries: for the 


saturation was nearly complete when air was breathed, and must 


certainly have been complete when the mixture rich in oxygen was 
_ breathed, as the initial diffusion pressure would be raised from about 


65 to 270 mm. There appear to be two possibilities. One is that a 


small portion of blood passes through the lungs without being aerated 


at all. The other is that very rapid oxidation processes of limited 
amount occur in the blood during the first few seconds after it leaves 


the lungs, As is well known, Pflüger found in a series of extremely 
careful and probably very accurate experiments that a rapid process of 


this kind does occur in arterial blood; and a diseussion of the older 
experiments bearing on this point is contained in Haldane and 


Lorrain Smith’s paper“ Whichever siete is accepted it seems 


I Arch, de Biol, Xv. p. 120. 
2 Stand. Arch. f. Physiol. p. 198. 1910. 


This Journal, XXII. p. 247. 1897. Strong additional support to the oldes‘experimente 


is afforded by the recent experiments of B uckmaster and Gardner on the gases of arterial 
blood. They found that even when pure oxygen was breathed the blood yielded about 


10 lees oxygen than if in had teen sesnrated, as 
Royal Society, B, uxxxv. p. 59. 1912). 
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to us that the aerotonometer, though it may give the oxygen pressure 
in the arterial blood in, or just after leaving, the arteries, does not give 
the oxygen pressure of the blood leaving the capillaries of the lung 
alveoli: The latter measurement is, however, the essential one in 
connection with the causes of absorption of oxygen by the lungs. — 
A possible defect already referred to above, in the CO method can 
now be discussed more fully. When the venous blood first reaches the 
lung capillaries its oxygen pressure is very low, but, as has been seen, 
becomes, during rest and when normal air is breathed, practically equal 
to the alveolar oxygen pressure after the first three tenths of the 
time occupied by the blood in passing through the lung capillaries. 
Assuming, now, that a general equilibrium has been reached between 
the CO in the alveolar air and in the blood, it is evident that an excess 
of CO will always continue to be absorbed in the first fifth of the 
capillaries, where the oxygen pressure is low, and given off again in the 
last four fifths, where the oxygen pressure is that of the alveolar air. 
But will the excess be given off so completely in the last four fifths that 
the final percentage saturation of the blood with CO will indicate with 
practical correctness the final oxygen pressure of the blood? It is of 


course evident that a small part of the excess will not be given off. In 


any single round of the circulation this small part will be inappreciable, 


but might, conceivably, amount to something very appreciable’ i in the 


course of many rounds of the circulation. 
As already pointed out, the answer to this question seemed doubtfal | 


whet the CO method of determining the arterial oxygen pressure was 


first proposed; and consequently the results given by the method were 

looked upon as possibly too low. Bobr’s and Krogh’s determinations of 
the rate of diffusion make it possible, however, to calculate the answer. We 
have seen above that during the first fifth of the time the mean oxygen 
pressure in the blood during rest will be about 50 mm., or 6˙6 p.c. of an 
atmosphere below the alveolar oxygen pressure, and that the percentage 
saturation of the hemoglobin will rise to 91. Hence if the percentage 
saturation took five times as long to rise to 91 the CO method would 
give a result which would be about 50 mm. below the alveolar oxygen 
pressure. Actually, however, the summed error caused by increased 
absorption in the first fifth of the time is diminished in consequence of 

the summed effect in the opposite direction of the last four fifths; and 
the greater we assume the effect in one direction of the first fifth, the 
greater also will be the opposite effect in the last four fifths. The 
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I we assume that the summed effect of the first fifth is sufficient to 


produce an absorption of CO corresponding to the full diminution of 
50 mm. in oxygen pressure we must also assume that the second fifth, 


during: which the mean diminution is only 10 mm., will produce a 
corresponding effect in the opposite direction, and so on for the remaining 
fifths, so that the final error will be nil. If the summed effect of the 


first fifth is taken to produce an absorption of CO corresponding to 


a diminution of 52=25 mm., the latter figure will be reduced to 17˙5 
at the end of the second fifth, and to 175 x44 x4=22 mm. at the 
end of the last fifth. It. will be found on trial that the greatest: final 


error for any value taken amounts to about 5 mm. so this is the calculated 


actual amount. by which the CO method n ite too 11. a result on 
the diffusion theory. 


Our average results for man under normal seating do 
show this difference, which is within the limits of error of individual 
experiments. The number of experiments is scarcely sufficient to indicate 


with certainty that it does not exist. On the other hand it seems quite 


probable that a very slight amount of active secretion exists even under 


normal resting conditions, and that this balances the error. 
In the case of mice it is possible, as already mentioned, that the 
rate of diffusion inwards through the lungs is not increased in full 


proportion to ‘the increased rate of respiratory exchange per unit of 


body weight. If this is so the error will be greater for mice; and it 
seems possible that the alveolar and arterial oxygen pressure in mice 


is no lower than in a though’ 0 our actual results show a — | 


lower Pressure. 
It is olear that when the alveolar oxygen pressure is sofficiently 


reduced, or the oxygen intake sufficiently increased, a point must be 
reached ‘where the arterial oxygen pressure is rising during the whole 


of the time occupied’ by the blood in passing through the lungs. This 
point will ultimately be reached whether the oxygen is passing in by 


simple diffusion or by active secretion. Under such conditions the CO 


method must evidently give results which are too low, since they will 
indicate, not the final arterial oxygen pressure, but something near the 


mean oxygen pressure of the blood during its passage. The CO method is 


for this reason; as well as for others Which have been pointed out above, 
not suitable for experiments at very low alveolar oxygen pressures. It 

is, for instance, ‘impossible to say from the results obtained on mice at 
Be: low atmospheric pressures by Haldane and Lorrain Smith with 
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have been, although on quite other grounds we can say with great 
confidence that the arterial must n nema considerably above the 
alveolar Oxygen pressure. 

Apart from this question of measurement our results entirely en 
the conclusions of Fredericq and Krogh that diffusion alone, or 
practically alone, explains the absorption of oxygen 7 the lungs during 
rest and when normal air is breathed. _ 

We may now discuss the results obtained when air poor in oxygen 
was breathed. In the first human experiment the alveolar air contained 
5°98 pio. of oxygen, corresponding to an oxygen pressure of 42°6 mm. 
Let us endeavour to see what would be likely to happen if the diffusion 
theory. were correct. We may start with the supposition that when the 
blood left the lungs it was saturated to a pressure of 42°6 mm. of mercury. 
From the dissociation curve the hemoglobin would then be 74 pc. 
saturated, which is 22 p.c. below the normal saturation. The venous 
blood would be 42 p.c, saturated, which is likewise 22 p.c. below the normal 
saturation assumed above, and which corresponds to a pressure of 26 mm. 
of oxygen. The initial diffusion pressure available for saturating the 
blood would thus only be 426—26=166 mm. But a mean diffusion 
pressure of 12 mm. will be needed for the absorption of 300 c.c. of oxygen 
per minute, since 300 = 12 * 25; and on calculating the results for 
successive fifths of the process of, absorption, in the manner already 
illustrated above, it will be found that this will not be given, so that 
the required amount of oxygen cannot be absorbed. Arterial and 
venous oxygen pressure must fall to about 36°6 and 21°3 mm. respectively, 
beſore 300 cc. of oxygen per minute can be absorbed, and the arterial 
and venous blood will be only 62°5 and 30°5 p.c. saturated, the arterial 
blood being very blue. 

It seems clear, also, that matters sould become. no better. if the 
circulation rate were increased: for then the venous blood would at 
first return more saturated and the available. initial diffusion pressure 
would be diminished, so that both arterial and venous oxygen pressure 
would have to fall again considerably before the requisite quantity of 
oxygen could diffuse in. In the first experiment, therefore, we should 
expect,.on the diffusion theory, that the arterial would be lower than 
the alveolar oxygen pressure: whereas it was actually higher. By the 
00 method we should also expect, on the diffusion theory, that. the 
result indicated would be below the actual oxygen pressure, since the 
oxygen pressure of the blood during the whole of the time occupied by 
its passage through the alveolar capillaries up to the last moment would 
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be lower, and consequently: more CO would be ‘absorbed than what 
to the actual final oxygen pressure. In other words the 


CO method would give too low a result. It seems very probable that 
the CO method did actually give too low a result for the reason first 


stated, and that all results by the CO method with a low pressure of 


oxygen in the air breathed should be regarded as only minimal; but 


taking the result as it stands, it is well above what it could be on the 
diffusion theory. | 
We may take another case to illustrate the extreme diffioulties in 


which the diffusion ‘theory becomes involved in connection with 


respiration at low atmospheric pressures. In their recent explorations 
in the Himalayas the Duc d’Abruzzi and his companions climbed to 

a height of 24,580 feet, the barometric pressure being 312 mm. At 
this pressure they felt no discomfort, and must have been capable of 
very considerable muscular exertion. Making full allowance for the 
probable increased volume of air breathed at this altitude their alveolar 
oxygen pressure cannot well have exceeded 30 mm. Blood in the 
living body, as shown by the human dissociation curve, is only half- 
saturated at this pressure of oxygen and is very dark. There is no 
record; however, of their lips being of the very alarming colour 


associated with such a condition of the arterial blood: nor does it seem 
likely that their arterial blood could have been in this condition, which 
is only known to exist in the case of animals at the point of death by 
asphyxia. It also seems most unlikely that in climbing they could have 
been taking in less than 1000 cc. of oxygen (corresponding to very 


moderate work) per minute. 
On the diffusion theory, assuming that the calculations given above 


as to the rate of diffusion are correct, the arterial blood must have been 
far less than half-saturated : for a mean diffusion pressure of 263 mm. 


would be required to bring about the absorption of 1000 cc. of oxygen 


per minute (263 x38= 1000). If the venous blood contained no | 


oxygen at all, and the arterial blood were about 7 p.c. saturated with 
oxygen, such a pressure would exist; but it is absolutely certain that 


no warm blooded animal can live at all under such conditions—far less 


retain full cousciousness and be capable of considerable exertion. i 
We have given this example to illustrate the extraordinary 


difficulties in which the advocates of the simple diffusion theory are 
involved, even if they reject the evidence presented by the results 


given by the CO method. A further discussion of the subject will be 
found in a fortheoming paper by Professors Tandell Henderson and 
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E. C. Schneider and ourselves on the results of our expedition to 
Pike's Peak, Colorado (altitude 14,106 feet) in 1911. In the pre- 
liminary summary’ of the results of this expedition the fact is mentioned 
that after acclimatisation the arterial oxygen pressure was found to be 
about 35 mm. above the alveolar oxygen pressure during rest, and that 
there was no trace of blueness of the lips or face. The resting experi- 
ments described in the present paper are less striking, but they 
indicate quite clearly that with low oxygen pressures in the air 
breathed diffusion will not account for the absorption of oxygen. 
De reasons why we have done no experiments on mice have been 
already stated. Determinations by the CO method at very low oxygen 
pressures in these animals are evidently unreliable. But when we 
compare the dissociation curve (discussed in the previous paper) of the 
hemoglobin in mouse blood with the fact, established by Haldane and 
Lorrain Smith’s experiments, that mice can live at an atmospheric 
pressure of 190 mm., with an alveolar oxygen pressure which would 
not, by itself, saturate the hemoglobin more than about 10 po, it 
the case of these enimels, also, the diffusion 
is impossible. 
We may now pass to the results obtained during muscular work with 
one arm. These all show a very marked rise in the arterial above the 
alveolar oxygen pressure, the rise amounting to from about 23 to 40 mm. 
It thus appears that active secretion of oxygen inwards is a process 
which occurs under the most ordinary physiological conditions, and not 
merely under the unusual conditions of exposure to low oxygen 
pressure or carbon monoxide poisoning. We must therefore consider 
the Possible physiological functions of an active secretion of oxygen 
muscular work. As already mentioned Krogh calculated from 
Bohr’ 8 experiments with CO that during the hyperpnea of severe 
museular work about 38 C. of oxygen per minute would be absorbed 
for every millimetre of difference in oxygen pressure between the 
alveolar air and the blood. Bohr has also calculated that during the 
period required in the lungs to saturate venous blood containing two 
volumes per cent. of oxygen to arterial blood saturated at 77 mm. of 
oxygen pressure (28 mm. below normal alveolar oxygen pressure) the 
mean difference in oxygen pressure between the alveolar air and the 
blood is 68 mm. During this period, therefore, 68 x 38 = 2564 c.c. of 
oxygen will be absorbed. This is about as much as is consumed by 
a man doing fairly hard muscular work, such as walking at about five 


Royal Society B, uxxxv. p. 65. 1912. 


= — — 
3 77 4 
2 
„ 
„ 
3 
+ 
1 
* 
= 
7 
4 
— 

4 
5 

34 

5, 

ay 
Yay 
3 
* a 
Ad 
= 
a 
2 
2 
aay 
Jy 
— 
ry 
2 


846 6. DOUGLAS’ AND J. & HALDANE. 


miles an hour. It thus appears that diffusion by itself would just 9 
-eover this intake of oxygen and furnish blood somewhat imperfectl7ß a a . 
arterialised. There would, however, be no margin to spare and the 1 


¥ 


blood would only acquire the final imperfect saturation at the very end 
of its passage through the lungs. It also seems unlikely that the venous at 
blood contains so little oxygen as is assumed: for the oxygen pressure 1 
in the blood returning from the tissues would be reduced to about a ls 
fourth of its normal value just at the time when a high oxygen pressure 
was most required. With a higher percentage saturation of the venous 
blood the intake of oxygen by diffusion would, however, be insufficient — 
to saturate the arterial blood more than in a very incomplete fashion. 


a Bohr and Henriques’ have furnished experimental evidence that ie 
4 aa very considerable amount of actual oxidation may occur in the lungs — at 
under conditions where there is shortage of oxygen in the tissues. 1 
That these conditions exist where any muscle or group of muscles is 1 
worked hard there is plenty of evidence; and we may reasonably te 
suppose that for the rapid completion of the oxidation process in the i 
lungs a high oxygen pressure, continued for an appreciable time, is | 


required. Otherwise the extra oxidation would be continued in the 
arterial blood, and would diminish to a very serious extent the oxygen 
pressure of the arterial blood reaching the tissues, and particularly that 
reaching the central nervous system, which appears to be very sensitive | 
to want of oxygen. We have thus a sufficient explanation of the 1 
physiological need for a high arterial oxygen pressure during exhausting 1 
work of any group of muscles, even though the total respiratory | 
exchange is only moderately increased and diffusion alone would easily . 
suffice to supply all the oxygen required, as was the case in our experi- | 
ments during muscular work. It was, in fact, with these considerations 
in view that we selected the kind of work employed; and the result— 
that the arterial oxygen pressure greatly. exceeded the e 
might reasonably have been expectect. 

On the diffusion theory one would expect the CO method to give 3 
pie distinctly below the alveolar oxygen pressure during muscular 
work: for in order to produce complete saturation, even with moderate 
exertion such as that in the tricycle experiment, a much greater 
proportion would be required of the time occupied by the blood in 
passing through the lunga Actually, the result was above the 1 
‘oxygen — even in the tricycle —- 


Arch, de Physio, (Bt. 1897. 
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onde the experiments on mice with high percentages of CO the results 


are the most striking of all those recorded, as the arterial oxygen 
Pressure runs up to 250 mm. or more. In those experiments there are 
all the; conditions present for the development of the full Pressure 


difference which the alveolar epithelium is capable of developing, since 


there are no adverse conditions, as. - or ‘Increased 
| 


Mans br WHICH HIGH ARTERIAL OXYGEN ‘PRESSURES 


5 other | of the rise of arterial above pee oxygen 


pressure appears to be possible except that the living cells separating 


the blood from the alveolar air actively secrete oxygen inwards. It has, 


indeed, been suggested by Bohr’ that absorption of oxygen may be 
aided by a change in the properties of the hemoglobin while the blood 


is passing through the lungs, this change being of such a nature as 


to increase greatly the affinity of hemoglobin for oxygen and thus 
correspondingly increase the diffusion pressure available for driving 


oxygen inwards. The loss of CO, by the blood will, of course, have a 
slight influence in this direction, but the effect of this has already been 


discounted in the calculations we have made. An increase of alkalinity — 
would produce a considerable effect; but it is difficult to see how the 
| alkalinity of the blood, or of the 10 corpuscles, could rapidly change, 
first in one direction and then in another, as the blood passed through. 


In any case the data given in the preceding paper indicate that any such 
change would have no effect on the results by the CO method, since the 


known causes which increase the gael of oxygen for — 3 


increase equally the affinity of CO. 

The next question concerns the exact seat of the secretory e 
Baad the alveolar air and the blood there are firstly, the very thin, 
flattened epithelial cells of the alveolar walls, and secondly the endothelial 
cells of the capillaries. Our experiments throw no direct light on the 


question as to which of these layers is the seat of the secretory activity. 
On general grounds, however, it seems probable that the seat is in the 
alveolar epithelium. This epithelium, it is true, is extremely thin, and 


the advantages of this extreme thinness in promoting diffusion are 


Stand. Arch. J. Physiol. nl. p. 261. 1909: also Zntrib, J. Physiol, xn. p. 874, 1909. 
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t, sino all the evidence shows that during: normal testing on- 


ditions the gaseous exchange occurs by simple diffusion. But any 


against cell-activity based on the mere thinness of a:cell-layer — 


is evidently: of very little weight, as Heidenhain, in particular, has 
clearly pointed out. A more serious argument is based on the assertion 


of some histologists that the epithelial “ squames” covering the alveolar 
capillaries have no nucleus, and must therefore be regarded as dead. 


Without far clearer histological evidence than at present exists it seems 
to us impossible to accept this assertion. The histologists are divided 
on the question, some asserting that the “squames” covering the 


capillaries are flattened extensions of the protoplasm of the nucleated 


_ epithelial cells seen in the islands between the alveolar capillaries. 


That this is the case in the lungs of lower animals is quite evident, and 


on all grounds it seems probable that the same is true of the mammalian 
lung. Even those who are inclined to support the simple diffusion 
theory of the transfer of gases will acknowledge that a layer, any 
abnormal change in which might immediately imperil life, is hardly 
likely to be dead. The general structure of the lung is that of a gland; 


and the histological picture of the foetal lung is that of a gland lined by | 


typical cubical epithelium, Exactly the same picture may be seen in 
the collapsed portions of lung tissue surrounding centres of tubercular 


or other consolidation in the adult human being. It seems reasonable, | 
therefore, to regard the lung as a gland, lined, like other glands, by an 


epithelial layer charged with specific and active functions. 


That the main specific active function of this epithelium is to secrete ae 


gas inwards or outwards seems alao probable, particularly as we know 
that the epithelium of the swim-bladder, which is developed from the 


same portion of the alimentary tract as the lung epithelium, also secretes 


gas, The secreting cells of the swim-bladder are, it is true, far thicker ; 


but the gas-pressures to be overcome by these cells may amount to at 


least 90,000 mm. of mercury’, whereas the maximum we have e 
in the case of the lung is only about 200 mm. 


While it thus seems probable that the secretory is 
in the alveolar epithelium it is also possible that the e n | 


1 See Oppel, Lehrb. d. Nik. Anat. p. 728. 
Thus Schloesing and Richard (Comptes Rendus, oxxu. p. 616. 1000 3 
84 p.c. of oxygen in the swim-bladder of a fish taken from a depth of 4500 feet, where the 


pressure was 186 atmospheres. The oxygen pressure in the swim-bladder was thus 116 


_ atmospheres, or if, as was probable, the oxygen was originally pure, 186, atmospheres, 
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existence of such a function in the case of the systemic capillaries would 
rerider the oxygen ‘supply of contracting muscles and other active organs 
more intelligible ; bat there is as yet no experimental evidence to guide 
us on this question; although there can be no reasonable doubt that ‘aie 


Tun 5 STIMULUS 10 SEORETION or OxYoEN, 

It has been shown that secretion of oxygen 8 
pe when want of oxygen in some form or other is present. Want of 
oxygen is, therefore, directly or indirectly a stimulus to oxygen secretion. 
The ‘stimulus of oxygen want might act directly on the alveolar 
epithelium, or indirectly through substances formed in tissues short 
of oxygen, and carried to the lung by the blood: or, finally, the stimulus 
might act through the central nervous system and 7 nerve fibres 


ol the vagus or other nerves, 


Our experiments seem to be pretty definitely agninst “the 8 thet 
want of oxygen acts directly on the lung epithelium, in causing secretion. 


In CO poisoning there can be no local want of oxygen in the lungs; and 


the same applies to the experiments on the effects of muscular work, 


_ Moreover the secretion occurs in CO poisoning when nearly pure oxygen 


is breathed and the local oxygen supply to the lung epithelium is 
enormously increased, It is thus clear that whether or not want of 
oxygen has any local action on secretion by the lung epithelium, other 
causes are in operation under 4 ordinary e which e 
oxygen secretion. 

All the facts seem to point to the conclusion that secretion is excited by 


ce oral cts brought back by the blood from tissues which are short of oxygen. 


It is known that such products exist, and that one of them, at least— 
lactic acid ats on the respiratory centre. Lactic acid might conceivably 


act as a stimulus to oxygen secretion; but this seems to us unlikely, as 


Haldane and Lorrain Smith found that carbon dioxide does not act 
as a stimulus, and one would hardly expect other. acid substances to do 
so. Moreover lactic acid is not readily oxidised i in the blood, and it 

passes the lungs and acts on the respiratory centre, continuing to do 80 


for about an hour after any severe muscular exertion during which it 
bas been formed. It seems more likely that the readily oxidisable 
material produced during conditions of oxygen want, as already mentioned, 
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ot indirectly through the nervous system. In favour of the latter view ö 
is the that the secretion of oxygen by the swim: bladder is brought 


about reflexly through: secretory branches of the vague nerve. Nothing 
is known yet, however, as to secretory fibres going to the mammalian 
lung; and it seems simpler to assume | provisionally that the stimulus 
acts directly on the lung epithelium.‘ : 


Some of our experiments with CO, and those of Haldane and : 


| 1 Smith with low oxygen pressures in the air breathed, suggest 


that the exciting substances may accumulate gradually in the blood, — 


Animals exposed suddenly to rather high percentages of CO or low 


pressures of oxygen are very apt to die, or to show much more serious 


symptoms than after the exposure has been continued for a time. The 


colour of the skin improves also after a time in animals exposed to want 


of oxygen. This certainly suggests that it takes some time for the lung 
epithelium to respond fully to want of oxygen, and the delay is probably 
due to time for the to in 


> 4 * 


_ Previous EVIDENCE FOR AND AGAINST ' Gas. SECRETION. 


‘Lud wig N to have been. the first to suggest that the gaseous 
e through the lung wall may be due to, or aided by, other 
causes than mere diffusion. The early experiments from Pflüger 8 
laboratory! were expressly directed towards disproving Ludwig's 
suggestion, and the results were all consistent with the diffusion theory. 


The first definite evidence i in favour of secretion of gas was afforded by | 
Bohr’; who. found that in some cases the pressure of oxygen in an 


aerotonometer rose above the alveolar oxygen pressure, while the 


pressure of carbon dioxide in the aerotonometer sometimes fell below 


that in the inspired air, The results were very irregular, however, and 
suggest the possibility of experimental errors, a8 Krogh has clearly 

pointed out. An accidental fall or rise in the temperature of the 
aerotonometer might explain some of these results; and in one or two 


1 Wolffberg, Pfltiger’s Arch. Iv, p. 466. 1871. 


Oe recorded results are so improbable as to suggest that some — 
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bad been made in the samples of gas analysed. on ‘the other hand 
irregularities may well have been due to varying circulatory and other 


disturbances caused by the experimental procedure. The results of 


Frederieq seemed all to be consistent with the diffusion theory, 
although the composition of the alveolar air was not determined, and 
the determinations of arterial oxygen pressure were not reliable, as has 
already been pointed out. 


A later series of experiments of Bohr“ afforded W ie 
very strong evidence in favour of active excretion of CO, by the lungs. 


He found, for instance, that when pure air was breathed by one lung, 
and air containing 8'8 p.c. of CO, by the other, CO, was still given off 
from the lung breathing the CO, mixture, although the pressure of CO, 
in the venous blood from the right side of the heart, determined with 
Krogh's aerotonometer, was only 50 p.c. In the course of his very 
able and exhaustive criticism of the experiments supporting the secretion 
theory Krogh* suggests that the CO, pressure was raised in the lung to 


more than 8'8 p.c. by oxidation processes occurring there. This postulates 


‘an enormous production of CO, in the lungs, and seems to us a very 


strained hypothesis. In other experiments where Bohr found a higher 


pressure of CO, in the alveolar air than in the arterial blood .Krogh 
_ thinks there may have been errors in analysis. 


In Krogh’s own experiments along with Mrs. Krogh’, the arterial 
and alveolar CO, pressures were always found to be equal. This is the 
result which the diffusion theory, according to Bohr’s calculations from 
the rate of diffusion inwards of CO, demands. We have not the slightest 


doubt that these very careful experiments gave correct results for CO,, 


although the oxygen determinations, as already pointed out, were too 
low. in consequence of defects inherent in the aerotonometer method. 
We think it is now clear that under normal resting conditions oxygen is 


taken up and CO, given off by the lungs by diffusion alone, or practically 


alone, But we think that Krogh’s experiments do not furnish any 
proof that CO, is not, under other conditions, given off by an active 
secretory process, just as our experiments show that oxygen is, 
under other conditions, taken up by an active secretory process. Under 


normal resting conditions there would be no physiological advantage in 


active ‘secretion of either oxygen or CO,; but during hard museular 


1 de Biol. v. p. 189. 1894. | 
2 Zntrib, f. Physiol. XXI. p. 372. 1907. | 
Shand. Arch. 7. Physiol. xm. p. 974. 1010. ‘Ibid, xm. p. 179, 1910. 


; 
—' 
N 
| 
- ~ 2 Q . 

a 
2 

4 
a 
— 
2 
* 
* 
— 
75 * 
% 
* 
4 
¢ 
* 
x 
* 
ay 
4 
~ 


322 0 C. DOUGLAS AND J. & HALDANE. 


and the alveolar CO, pressure may rise far above normal, active 
secretion of CO, might be of considerable advantage, and may well 
occur. 


We must finally refer to the experiments of Haldane and Loresin ; 


Smith, and the further important observations of Lorrain Smith’ on 
the arterial oxygen pressure under pathological conditions. As already 


pointed out, their determinations of oxygen pressure in mice and other 


animals were criticised by Krogh, and on grounds which were fully 
justified, as shown in detail in the preceding paper. In their “normal” 
experiments there was an error of calculation, pointed out as probable by 


_ Krogh; and in addition, too much CO was given, so that the animals 


were not really normal, but were already short of oxygen to some extent. 
But the fact remained that with increase in the amount of CO, and 


consequent increased shortage of oxygen, the arterial oxygen pressure 


rose markedly—an observation strongly against the diffusion theory. The 


evidence was further strengthened by Lorrain Smith's observation that 
when the lung epithelium was injured by the local action, discovered — 


by him, of oxygen at high pressure, or was affected by other pathological 


conditions, the arterial oxygen pressure was much lower, the results 


corresponding’ to what might be expected from simple diffusion, and 


showing no trace of response to the oxygen want produced by high 


saturations with CO. 


To sum up, if we allow for known exrors of method or calculation, A 


and for differences in the physiological conditions under which the 
experiments were made, the apparent inconsistencies in the results of 
different observers disappear. It is also possible, taking all the 
observations into account, including our own, to frame a coherent and 


physiologically probable theory of the mode of action of the lungs 5 


blood. 


Summary. 

1. Improved methods are described. for using carbon monoxide to 
determine the arterial oxygen pressure in animals and in men. 

2. Under resting conditions in normal air or air containing an 
excess of oxygen, the arterial and alveolar oxygen pressures are equal, 
and the passage of oxygen from the alveolar. air ants the blood i is due 
entirely, or almost entirely, to diffusion. 

1 This Journal, XXII. p. 307. 
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3. A rise of arterial above alveolar oxygen pressure is brought about 
by (1) a diminished oxygen percentage in the air breathed; (2) carbon 
monoxide poisioning; (3) muscular work. The common factor in 
these conditions is lack of oxygen in the tissues or part of them. 

4. The rise of arterial oxygen pressure is due to active secretion of 
oxygen inwards; and this active secretion is probably localised in the 
alveolar epithelium and excited by products of metabolism brought to 
the lungs by the blood from tissues which are short of oxygen. 

5. The arterial oxygen pressures given by the aerotonometer method 
are too low, and in some circumstances the same is true of the carbon 

_ monoxide method; but generally speaking the latter — if proper 
are taken correct results. | 


99/5/11. Ber. 762mm, T. 27. 


a. 35 1870.0, of CO at 0° and 760 mm. administered to subject, who con. 
5 i tinued to breathe into the small bag till 1.8}. i 


1.14 First sample of inspired air. 

1,24 Second „ 

1.84 ‘Third ” 
1.48 Fourth „ 
1.485 Sample of 
1.32 fingers for direct titration. 

1.52 Stopped, and apparatus closed. 

1.58 Sample of blood taken and defibrinated for saturator. 


from the large bottle of the respiration apparatus was then taken: 
05 c.c. of the defibrinated blood spread inside the saturator; and 


for an hour in a water-bath at 87°5°. 
Results of analyses, — 
02 CO, 
First sample of inspired air 1979 0:29 
Third „ 19-71 0°29 
Fourth „ „, 115 20-22 0°35 
Alveolarair ..  .. 8 14°06 5°64 
large bottle 20°17 0-82 
Blood direct from fingers, titrated with carmine : 
Sample 1. 8 R 


x 100=28°8 % ·7 %/, (corrected for dissociation). 
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pressure of arterial blood (not corrected for moisture) =20-2x x 
0, pressure of arterial blood corrected for moisture 100 x (762 47) =99-4 mm. of Hg. 
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ON THE QUESTION OF AN INTERNAL SECRETION 


FROM THE HUMAN OVARY. By JAMES OLIVER, 
M. D., F. R. S. (Epix.), F.LS., to the — for — 


In his valued The of Marshall 
discusses at some length the evidence which has been adduced in 
favour of the opinion that the ovary and the testicle are. organs of 
internal secretion and this evidence he states is derived chiefly from 
“the experimental study of the effects produced firstly by removing 
these organs and secondly by transplanting them to abnormal positions 


in the body.” Now the worth of this and of similar evidence depends 


entirely upon the care exercised at the time of the operation. In a few 
cases it is possible to remove the ovaries effectively by merely trans- 
fixing and ligaturing the mesovarium, but in the majority extirpation 
can only be accomplished by ligaturing the ovarian and the utero- 
ovarian vessels separately and thereafter cutting out of the broad 


ligament a wedge-shaped piece conterminous with the mesovarium. 


Statements made by gynscologists with reference to the occurrence of 
menstruation after double ovariotomy have been challenged, but I am 
confident that removal of the ovaries as effected by experimentalists 


is not likely to be more thorough or more complete than the same 
operation as practised by experienced gynecologists, and it is highly 


improbable that the operation as performed by natives upon young girls 
in semi-barbarous parts of Asia is likely to be complete. Relying 
nevertheless upon evidence originating from the latter source it is said 
that adult women who were dispossessed of their ovaries before puberty 

are “devoid of many of the characteristics. 1 N sex and . e 
cases present resemblances to men.” — 8 

The chief points hinging upon the . of an 3 ie 
from the ovary have reference to the development of the mammary 
glands, to the maintenance of the mammary glands when developed, to 


the presence of male characters such as the presence of hair on the face 
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and to the occurrence of menstruation. On all these points clinical 


observation furnishes weighty evidence and I propose to give here the 
results of my experience during the last 25 years. 


I have not found that the maintenance of a normal condition of the 


mammary glands depends upon the presence of the ovaries, for I have 


seen women who had well developed mammary glands and who were in 


general appearance typically feminine but who had no vagina and who 
possessed as far as one could judge by a careful abdomino-rectal examina- 


tion neither uterus nor ovaries. Some of these women when they came 


under my observation were already married, whilst others consulted me 
because marriage was contemplated. 
Nor have I found any connection between the presence or alesis 


of the ovaries and the presence or absence of hair on the face or of other 
characters of the male sex such as voice and appearance generally). 


Thus I bave had occasion to remove the uterus from married women 
who had borne children and from unmarried women whose generative 


organs had previously functioned healthily, but who had a more or less 
extensive crop of hair on the face and who presented generally a 


masculine appearance. In these the ovaries were inspected at the time 


of operation and as to the naked eye they appeared to be quite healthy 
they were allowed to remain in the body. Conversely I have not 
infrequently had under observation married women who were dis- 


charging adequately the physiological duties of a wife but who had 


functionally useless ovaries 80 far as can be inferred from their sterile 

state and the absence of menstruation throughout. life, and yet none of 

these displayed any of the characters which particularise the male sen. 
Different results are recorded of the effect of feeding ovarian 


wines to girls and adult women. I have administered ovarian 


substance most liberally and for prolonged periods of time to women 
suffering from unaccountable amenorrhea, from dysmenorrhea and from 
the heats and flushes consequent upon the climacteric, but I have never 


obtained thereby results which could in any way compare and still less 


equal those obtained by the judicious administration of other remedies. _ 
It is known that removal of the ovaries commonly causes cessation — 

of the menstrual flow and the continuance of the menstrual flow after 

ablation of the ovaries is usually attributed to imperfect removal. 1 


have however observed cases in which the ovaries were completely 


removed by excising with them a wedge-shaped piece from the broad 
ligament without causing immediately the cessation of the menstrual — 
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It rarely happens that it becomes expedient to remove the ovaries 
from a woman at a moderately advanced age who has never menstruated. 

- Consequently the record of the following case is of interest, bearing as it 
does upon the question of ovulation and menstruation. 
The patient who was 29 years of age and had never eee 
was sent to. me by Dr F. Percy Elliott, of Walthamstow, because she 
had suffered since the age of 26 from recurring attacks of ‘pain—not 
cyelie referred to the right lower half of the abdomen and back, lasting 
about 48 hours, but unattended by sickness. The vagina was well 


Fig. 1, fom an aged showing 
ovum with a space which contained liquor folliculi. x 166 Oliver. 


Fig. 2. Advanced follicle from same ovary as Fig. n eee, Re 
follicle. 666 Oliver. 


developed and from a careful bi-manual examination the uterus reed 
to be about half the natural size and of adult shape. (These facts were 
verified at the time of operation.) The ovaries were palpable and as 
pressure upon the right produced marked discomfort I advised removal 
of both. The right ovary wus about twice the size of a normal ovary 
whilst the left was only slightly larger than normal. Both when cut 
presented to the naked eye hemorrhagic spots varying in size from a 
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small barley corn to a haricot bean (degenerate Graafian follicles ap- 
parently) and old corpora lutea were also much in evidence. Sections 


of both ovaries showed what appeared to be healthy Graafian follicles — 
with ova and yet menstruation had never occurred, Photographs of the 


— are given in Fig, 1. 

It will be seen from the above scoount. that in clinical practice I 
13 found no evidence that the ovaries influence the mammary glands 
or the growth of hien the face, or that administration of ovarian 


substance has any special action; but that in accordance with the results 
of many observers the ovaries commonly influence the uterus in relation 


to menstruation. I have not however found that extirpation of the 


ovaries when removed with 
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THE GASEOUS METABOLISM OF THE 1 
GLAND WITH REFERENCE ESPECIALLY TO THE 
EFFECT OF ADRENALIN AND THE TIME RELA- 

‘TION OF THE STIMULUS TO THE OXIDATION 

PROCESS. By J. saci ali — AND H. PIPER, 
Berlin. 


rom the Physiological Laboratory, Cambridge.) 


Ta effect of adrenalin upon the gaseous exchange of the submaxillary i 
gland has never been investigated. It derives its importance from the 
hypothesis the correctness of which was first demonstrated by Langley 
and which subsequently has been amplified by many other authors, 
Brodie and Dixon@, Elliott etc. that the administration of an 
intravenous injection of adrenalin is, in essence, stimulation of the 
terminal portion of the true sympathetic system. More than this we 
shall reserve till we reach the discussion of our results; we shall now 
proceed to recount the data which we actually pbiiined. | 
Five experiments were performed on four cats. Each was anwe-— 
thetised with A. C. k. mixture and rendered permanently unconscious by — 
blocking all the arteries of the brain with starch grains—a method 


devised by Professor Langley—the administration of A. C. E. mixture 


was discontinued and artificial respiration performed. 

The action of anesthetics in the peripheral tissues was therefore 
reduced to a minimum at the time when our blood-gas estimations were 
performed. 

In Exps, 1 and 2, which were performed on the same animal, the 
mean arterial pressure was satisfactory, at the commencement of Exp. 1 
it was 140 mm. after the injection of the hirudin. In Exps. 3, 4 and 5 


the arterial pressure was low (60-85 mm. Hg); the injection of hirudin 
was followed by, and possibly caused, a permanent fall of pressure, thus 
in Exp. 3 the pressure was 116 mm. before and 60 mm. after the 
injection. A the abdomen ; 
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| in Exp 4 mean arterial pressure was maintained at about 85 mm. 
oscillating at each massage between 60 and 100 mm. 

The necessary dissections and cannule are those described in a 
previous paper by Barcroft and Franz Müller. 

In every case injection of adrenalin caused a flow of saliva; this was 
collected in a 1 cc. pipette and in Exps. 3, 4 and 5 each rv c.c. was 
marked by hand in the kymographic tracing by the use of a Morse key 
and electric signal. In each case the injection of adrenalin caused a 
change in the rate of blood - flow, first a slowing which soon passed into 
a phase of dilatation. In the paper quoted above) it has been shown that 
within the limits shown on the tracing (Fig. 1) these changes do not 
effect the gaseous exchange of the gland. In Exps. 1 and 2 we simply 
compared the metabolism of the gland during rest with that of the 
same gland during an interval of time which embraced the injection of 
the adrenalin, the rise and subsequent fall of the arterial pressure, the 
whole flow of saliva and the various fluctuations in the blood-flow. As 
judged by the tracing these changes appear and pass away during the 
time which suffices for the collection of 2¢.c. of blood from the glands. 
It may however be observed that although the blood-flow at the end of 
the tracing has returned to its normal rate the mean arterial pressure is 
lower than at the commencement, there is therefore still some dilatation — 


of the vessels of the gland. In Exps. 1 and 2 then we compared by 


the differential method of blood-gas analysis (a) during rest 1 cc. 
of arterial blood with 1 c.c. of blood from the gland; (b) during a 
period which embraced the obvious activity of the gland—2 ac. of 


. ° arterial blood with 2 .c. of blood taken from the gland. ‘The results 


were as follows : 


Exp. 2 0036 050 


The question may arise: re account ee 
water lost by the blood? In previous papersa® emphasis was laid upon 
the fact that the hemoglobin capacities of the arterial blood and the 
blood emerging from the actively secreting gland are not the same, and 

that 1 c.c. of venous blood should be compared, not with 1c.c. of arterial 
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blood but with an amount of arterial blood which was about equal to 


that of the venous blood and the saliva added together. 
It is one of the advantages of the differential method of gas analysis 


‘that this question of the relative concentration of the arterial and venous 


bloods is avoided if, but only if, the arterial blood is be e 


‘saturated with oxygen. 


A numerical example will show this. F 


the blood-gas apparatus is in the active phase of Exp. 1 45mm. This is due to the 
_ difference of the amounts of oxygen necessary to saturate the arterial and venous blood 


_ respectively. Subsequent measurement on a similar sample of arterial blood showed that 
the amount necessary to saturate the hmmoglobin in 2 0. 0. of arterial blood would have 


produced a reading of about 4mm. Therefore, had there been 2°2 C. c. of arterial blood 


present, as in strictness there should have been, the 4 mm. would have been 4˙4 mm.; the 
45 mm. difference between the arterial and venous bloods is therefore too great by 


0-4 mm., i. e. by under 1 % 


ADALBALIN 4 


Fig. 1. From above downwards arterial pressure. Time tracing in seconds for one 


minute. The white portion represents the time during which adrenalin was being 
injected. 


division representing 0 o. of blood. 


As the difference in oxygen 5 in the resting and secreting 


glands is about 1:2, we have neglected the question of hemoglobin 


concentration in Exps. 1 and 2 except so far as to satisfy ourselves that 


the arterial blood was 93 % saturated. 


We may now proceed to Exps 3, 4 and 5. In these experiments we 
took successive samples, each of about 1 c.c., embracing the period of 


activity —the first sample taken before the injection of the adrenalin, 


the second embraced a period during which the adrenalin was injected, 
the third and fourth whilst the saliva was still flowing, the fifth 
immediately following. The — will be clear from * 2 Which 


— Exp. 3. 
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Fig. 5 A and B form continuous portions of a single tracing. 


gamples in 01 c. o. 


flowing date may also be given: 


Exp. 3 
Exp. 4 
p. 5 


lan 


Weight of gland 
Blood flow in seconds for 1 0.0.; . 


(1) 


168 


181 


Or, caléulated in 6.0, per gram of gland per minute : 


0-228 
0-42 


O36 


1-6 


above downwards 
(I) arterial pressure, 


— 


#022. 


104 


0°62* 
0˙41˙ 
0°61" 


00 
19°5* 
27* 


1°6* 
1-2* 
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a 34 86 0.0. 
E: 14 16 grams 
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3 During and after secretion 
5 Exp. 8 80° 41 61 
x Exp. 4 | | 88 
9 41 52 125 
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We may express the quantities of oxygen used up as percentages of 


numbers: 

Exp. 8 100 215 525 375 287 200 4 
Exp. 4 100 19 807 188 
10 . © S84 160. 100 


| It is not necessary st this point to do more than point out that 
adrenalin causes a considerable increase in the metabolism of the gland, 
in one case a fivefold increase. This increase is so great that it must 
be attributed to the gland cells themselves. There is, in the sub- 
maxillary of the cat (as compared with the rabbit) a large amount of 
other tissue, some of which is no doubt contractile, but absolutely the 
amount is very trifling and further the metabolism of unstriped muscle 
is as shown by Cohnheim weight for weight small compared to that 
of epithelial cells, It seems to us therefore to be conclusively de- 
monstrated that adrenalin, and inferentially this particular method 
of sympathetic stimulation produces saliva and metabolic 
activity upon a scale that can be accounted fori in no other wed 
but that of a true secretion. 

The present seems to be a suitable opportunity for pa 
upon the vascular changes which take place in the gland. These have 
been observed by one of us in a preliminary communication) and 
figured in detail by McLean@. The facts are therefore well icertainel 

and are as follows. In the submaxillary after a short constriction, 
_ shown in Fig. 2 of McLean’s paper and which would no doubt be 
much more obvious in checking the flow of blood from the gland if it 
did not synchronise with the general rise of arterial pressure (see 
Fig. 44), there is a gush of blood from the gland which outlasts the 
general rise in arterial pressure. To these facts we would add that 
the time of the vascular changes should be considered in relation to the 
time of the secretion of saliva and to that of the metabolism of the 
gland; when this is done, as in Fig. 2, the following points are apparent: 
(I) The dilatation commences after the flow of saliva commiences, 
(2) It remains maximal after the saliva has reached its maximum. 

(3) It persists after the saliva has stopped and long after the 

effect of adrenalin has disappeared from the general blood-pressure. 


These facts are shown clearly in Fig. 3 in which the facts of Fig. 2 
are analysed. In this is shown (1) the general trend of the. arterial. 
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presiuis, (2) the rate of flow of saliva and then the rate of blood-ow in 
c.c. per minute. 

This experiment is so typical of half-a-dozen which we bare 
e that it seems unnecessary to give the tabulated details 1 : 


dilatation? Two possible answers occur, firstly that the adrenalin — 
stimulates fibres similar to those which are assumed to be present in the 
chorda tympani, and secondly that the dilatation is due to the products 
e of the 28 which act directly upon the popes vessels. 


It was suggested to us by Dale that this matter oould be decided 
by the use of the drug ergotoxinm. It is known that ergotoxin 

paralyses the true nerve endings of the .sympathetic system and 
abolishes the general rise of 8.-P., the vaso-constriction and flow of 
sympathetic saliva; on the other hand, ergotoxin does not effect the 
dilatation of the vessels which takes place in the gland when the chorda 
tympani is stimulated. In fact, as McLean in discussing the parotid 
points out, “If there are vaso-dilator fibres in the sympathetic...we 


should be able to show their presence by cutting out the vaso- 


constrictors by chrysotoxin and stimulating the vaso-dilator apparatus 
not the vaso-dilators“ 
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We have performed this experiment on more than one occasion but 
always with the same result, namely that after the injection of ergotoxin 
adrenalin fails to produce any effects on the vessels of the gland either 
constrictor or dilator, whereas the activity of the chorda tympani to 
produce both saliva and dilatation of the vessels remained. 


The blood - Now was measured by 
_ the method described by one of us; the figures represent quantities of blood in successive 
x X. 
12.49 040 -088 088 -080 -095 “098 -047 041 -058 -000 15 
10 12 18 16 17 2 ‘21 -28 ‘19 22 14 12. 5 
1,18 An injection of adrenalin with similar results took place. 
1,28 O. tymp. stimulated ‘etion of saliva. | 
1,80-1.86 Inject 4 0. 6. 0°01 p.c. ergotoxin. 
1.86 Stim. G. tymp., no saliva. 
1,88 No saliva. 
06 052 04 -08 -04, 
1.45 from dnd O45 045 080 019-000 155 
050 048 -025 028 -080 
No aaliva. 
1,51 Stimulated chords tympani. 
Saliva 007 01 01 015 025 015 02 -025 O15 0.0. in 6”. 
Blood 040 040 062 12 16 15 14 12 42 cc. in 5", 


Thus slight variations of blood-flow which took place in the post-ergotoxin injections 
evident in the n. -v. tracing. 3 


adrenalin dilatation is not due to stimulation of dilator fibres. There 
is however the possibility that the argument is invalid and that 


adrenalin does stimulate dilator fibres, but that these are different from 


the fibres of the chorda tympani in that my are rendered 3 to 
adrenalin by ergotoxin. 

The matter was therefore tested in another way. It is 3 that 
in surviving organs the blood vessels react well to drugs when perfused 
through them, on.the other hand the epithelium of the submaxillary 
gland very readily loses its power of responding to drugs. The sub- 
maxillary was therefore perfused in the ordinary way with oxygenated 
Ringer's solution at 37°5° C. The cannula was placed directly into the 
submaxillary artery of the cat, and the drops of perfusion were counted 
as they flowed from the submaxillary vein. a” a below are in 
‘each ease drops falling in half a minute. 
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12.65 Inject 1 0.0. adrenalin. 
12.550 9, 10, 10, 10. No saliva. 


a The namie 
4g 10.19 20, 18, 18, 16, 17. Inject adrenalin. 4, 8, 8, 4, 8, 3, 
From the above experiment it is clear that whether the pint be 
perfused with Ringer's solution containing adrenalin, either within a 


short time of its losing its secretory power or 22 hours subsequently, 
the vessels show no reaction to adrenalin other than constriction. 


Fig. 4. Effect ot injecting adrenalin on the rate of blood-flow of submaxillary gland. 
A normal, B after damping artery for 1 hour and 50 minutes. 


It is not necessary to perfuse the gland artificially. The artery may 

simply be clamped in the living animal. Fig. 44 shows that the 
general blood-pressure was unaffected by injecting 02 cc. of 0001 po. 
adrenalin into the arterial stream going to the gland. The arteries in 
the vicinity were tied so that the adrenalin passed through the gland 
and through this only. The blood - fw through the gland was measured 
in 0˙1 c., it was first retarded, then * . of saliva was 
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secreted. The injection of adrenalin is indicated by a mark underneath 
the blood- low line. The artery was then clamped, the vessels washed 

out with cold Ringer's solution and allowed to stay so for an hour and 
fifty minutes. The blood was then allowed to re-enter the gland. 
Fig. 48 represents the effect of an injection of 0°5 d. of 0-001 p.c. 
adrenalin into the arterial stream—the only effect produced was 
slowing of the blood-flow, no saliva was secreted and no acceleration of 
the blood-flow took place. 

In the light of the experiments which we have recounted we are 
constrained to believe that the direct action of adrenalin on the vessels 
of the cat’s submaxillary is simply that of constriction, and that the 
dilatation which supervenes is an over-riding of the constriction by the 
metabolic products resulting from the activity of the gland. 

We must now consider the time relations of the oxidation to those 
of other processes taking place in the gland. 

Turning back to the data of Exps. 3-5 it is stated that the blood for 
analysis was collected from the active gland during several successive 

periods (five, four and six respectively). During the first three of these 

the saliva was flowing. The time relations of the various periods are 
most easily comprehended when graphically represented ; we therefore 
give in Fig. 5 an illustration showing (1) the oxygen used and (2) the 
times at which it was used plotted from the commencement of the flow 

of saliva. A word must be said about the first sample in each cuse. 
The saliva began to flow during the collection of this sample, in two 

cases about 20 seconds before the end (Exps. 4 and 5), in one case (Exp. 3) 
about 40 seconds before the end. In the first two cases the increased 
oxygen consumption was absent or trifling, in the third case it was 
considerable, but in all cases it has if present been credited to the gland 
after the saliva began to flow. 

The whole course of the three experiments was so similar (the 
apparent differences being caused chiefly by a disparity in the times 
at which the samples were collected) that we have felt justified in 
averaging the results of the three experiments and have so produced 
the curves shown in Fig. 5d. The results as regards oxygen have been 
arrived at in the following way. In each of the three experiments employed 
(3-5) the ratio of the oxygen used at each quarter of a minute to that 
used by the resting gland was worked out by joining the centres of the 
tops of the black areas in a-c, the three ratios so found were added 
together and the sum divided by three. Therefore the figures are not 
the actual amounts of oxygen used, but the average ratio of the amount 
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used to that of the resting gland taken as unity. (The actual amounts 
may be found from it as is done at a later stage in the paper.) We 
have made single extrapolation, namely we have assumed in Exp. 4 that 
44 minutes after the saliva commenced to flow the oxygen. consumption 
had returned to its former level. This is probably very close to the 
truth and in any case it is only used for the purpose of 2 aoa 
‘oxygen consumption four minutes after the 
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Fig. 5, a, d, e, oxygen used in active as compared with resting glands in Exps. 8, 4 
and 5. d, line represents mean rate of salivary secretion in c.c. per minute in the 
three Exps. S—S=base line for saliva. 
_ compared with the resting gland. O—O=oxygen base line. | 


The saliva curve is obtained by working out the rate of Sew in . 
experiment for successive 10 second intervals, expressing it in terms of 
ac. of saliva per minute and averaging the results of the three experi- 
ments. The obvious facts which are brought out in Fig. 5d are: 

That the maximal much the: 

maximal salivary secretion. 


(2) That increased use continues ng after the bas 
ceased to flow. 
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Indeed the saliva commences to flow almost at its maximal speed, 
within 15-20 seconds this is reached. On the other hand the maximal 
metabolism took place when the saliva had nearly ceased and continued 
two minutes subsequent to the cessation of the salivary flop. . 

These features were so uniformly exhibited in the three experiments 
we have just considered that we determined to investigate the time 
relations between the various processes in the gland which resulted 
from stimulation of the chorda tympani. a 

For our purpose the most important facts ascertained by earlier 
observers are (1) that stimulation of the chorda tympani causes increased 
consumption of oxygen, (2) that if the gland be in good condition (but 
only then) the flow of saliva will stop almost directly the stimalus is 
removed, (3) that the dilatation continues after the flow of saliva 
ceases, the longer the stimulus the longer does the dilatation re 
the secretion. 

Let us now give the results of two experiments (6 and 7") which 
seem to us to be satisfactory as regards the general physiological 
conditions both of the gland and of the animal: We shall then 
compare them with some others in which the conditions were less 
satisfactory. Exps. 6 and 7 were, unlike the others mentioned in this 

paper, performed under urethane anesthesia and artificial respiration 
was given. 

In Exp. 6 the arterial pressure at the commencement of the 


experiment was 118 mm. Hg and was maintained at about that level 


throughout. 


the resting gland. The chorda was then stimulated for 20 seconds—during this time 
0°06 6.0. of saliva flowed and during this interval the second sample of blood was taken; 
it consisted of 0°8 c.c. and flowed in eight seconds. No saliva was recorded as having 
flowed after the stimulus ceased, therefore the amount which flowed after the electrodes 
were removed from the nerve was less than 001 0. The collection of the third sample 
commenced 25 seconds from the start of the stimulus, the rate of flow was 0°8 0. o. in eight 
seconds; the fourth sample 0-7 c. e. was collected between the 72nd and the 118th 
seconds, whilst the last was collected between the 407th and the 466th seconds. The 
amounts of oxygen used by the gland were in each case: 


Sample (1) (2) @) @ 00 


“This increased oxygen intake with a 20 secs, stimulation of the 
chorda went on till the 115th second at least, that is to say it lasted 


ceased to flow. 
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We may pass to Exp. 7. The arterial pressure was well maintained 
at about 125 mm., defibrinated cat's blood being injected into the 
femoral vein to replace the blood taken for analysis. 


ur. 7. The experiment began with the collection of the first sample of blood from the 
resting gland. The chords tympani was then stimulated for 200 seconds, during this time 
2°84 0. 0. of saliva flowed; the saliva stopped flowing as soon as the stimulus was 
removed, The second sample of blood 0-9 0.0. was collected between the 9nd and 8th 
séconds after the saliva commenced to flow, the third 0-8 o.c. between the 77th and 88th 


seconds, the fourth 1 0.0. between the 270th and the 833rd, the fifth 1 b. 0. between the 


and the the sixth between the 910th and the seconds from the 
moment the saliva began to flow. : 

| The amounts of oxygen used by the gland were in each case: 

In this experiment the stimulus lasted ten times as long as in 
Exp. 6. Up to the 333rd second, .. 133 seconds after the saliva 
stopped, the metabolism of the gland was about 170°/, of the normal, 
and taking the figures as they stand the oxygen consumption was 119°/, 
of the normal about ten minutes after the gland — to secrete and 
e seven minutes after it stopped. 

The latter number may be taken as showing an increase in mete a 
bolism since any figure above 116 % is outside the range of experimental 
error. At the end of fifteen minutes the gland showed metabolism 
of 107 °/, of the normal, the increase—7 sci within the limits of : 
error. 

We may conclude therefore that up to the seven minutes after the 
saliva stopped flowing the increased oxygen intake is just appreciable. _ 

From these two experiments it appears that not only does the period 
of oxidation extend beyond the period of secretion, but that the = . 
the period of secretion the greater is this extension. 

The next point to which we wish to draw attention is that the 
period of oxidation may be prolonged by unfitness of the gland. In 
Exps. 6 and 7 the whole surgical part of the operations, ¢.e. from the 
skin incision for the trachea tube to the injection of the hirudin, took 
under an hour and the experiment followed without delay. Exp. 8 
however was performed on the same animal and the same gland as 
6, but an hour later. 

The stimulus lasted approximately the same time (180. seconds) as 

in Exp. 7; the rate of flow of saliva for the first 20 seconds at the 
commencement of the stimulus was approximately the same, namely 
0˙6 c.c. per min., but in Exp, 8 the gland was completely exhausted at. 
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tte end of the stimulus whilst in Exp. 7 the gland was secreting freely. 
Nevertheless in Exp. 8 the increased metabolism of the gland 5} 
minutes after the saliva stopped was—so far from being just appreciable 
41360% of the normal and practically maximal. The following are the 


data 
Oxygen per gr. per min. 0-023. 0066“ lost“ 0-037 0°35 


Time after saliva started Before stimulus 1 155 140-166“ 246-285 420-515” 


Lastly we quote two experiments in each of which the animal was 
in bad condition the arterial pressure being low, [they were both animals 
in which permanent anesthesia was produced by starch injection, the 
starch having reached the medulla as well as the upper portions of the 
brain and having destroyed the vaso-motor and respiratory centres; 
artificial respiration was therefore resorted to. The animals had but a 
moderate arterial pressure at the end of the experiment; they were 
however very intolerant of the hirudin necessary to render their 
blood not coagulable and their arterial pressure was subsequently 

- unsatisfactory being] for the most part about 60 mm. 

In these animals not only did the period of oxidation outrun the 
period of secretion, but the point of maximal oxidation was considerably 
after the stoppage of the ee secretion, in this sy — * 
the other experiments. 


O. in o. o. per gr. per min. 011 022" 018 023 "035 "034 
‘Time calculated from be- 13 4 
of ealiva how} Before 0-116" 185-218” 240-847” 870-489” 460-545” 
Amount of blood dee, 090.6.“ O8e0. Iles. 1.0. 10.6. 


The stimulus lasted for 100 seconds during which time 0°25 c.c. of 
saliva was secreted. At the end of the experiment, i.e. more than seven 


minutes after the saliva had ceased to flow, the oxygen consumption was 
practically maximal, whilst of saliva the never 


— 


Time calculated from be- From 1“ before 1 32 
“ginning of saliva flow) 101 
Amount of bo 16.6. | 08 . 08 0.0. O75 lec, 


The saliva flowed. for 67 seconds during which time 033 00 cheatin 
‘had been secreted, the flow outlasted the stimulation of the chorda 


iy 
a 
ey 
+ 4 
— 
* 
— 4 
we 
. 
a 
2 
7 
1 
> 
4 
a 
Bick 
4 
7 
7 * 
om 
1 
a 
15 
4 
55 
a 
4 
ay 
4 
4 
* 
— 
2 
AG f 
8. 
j 
4 
1 
‘= 
* 
: 
75 . Sample (1) (2) (3) (4) (5) a 
min -020 019 025 
2 a 
* 
* 
* 
＋ 
> ig 
; 
‘ 
vad 
7 
fe 


372 J BAROROFT AND H. PIPER. 


tympani by 002 ce. At the end of the experiment, 3 minutes after the 
baliva had ceased to flow, the oxygen used was maximal so far as the 
measurements above are concerned. In Exp. 10 the samples were taken 
in quick stccession after one another, it is therefore clear that whilst the 


oxygen consumption may or may not have attained a higher value after 


the experiment ended, nothing material has been omitted during its ) 


course, 


We may proceed to . the total amount of oxygen used by 


the gland for the production of a given quantity of saliva. 
(.) In the case of stimulation by adrenalin this may be found from 
Fig. 5d, though the calculation is somewhat complicated. The figure 


represents the mean of three glands which were using 0°025, 0°035 and 
0031 c.c. of oxygen per minute; therefore the average oxygen use in the 


resting gland what is termed unity in the ordinates is 0°08 cc. of oxygen 


per minute. Now the whole black area corresponding to four minutes 
from the time of the saliva starting is on the figure 19°8 sq. cm.; since 


‘each cm. in the ordinate corresponds to 0°03 c.c. of O, per min. and each 


om. along the abscissa to 0°5 min., the whole quantity of oxygen will be 


19°8 x 0°03 x 0°5 = 0'2970 c., from this must be subtracted what would 
have been used by the resting gland, viz. 0'12 c. o., leaving eee 
018 C.; the corresponding amount of saliva was 0°30 c.c. 

(2) It is tempting to calculate the total amount of oxygen used in 
Exps. 6 and 7 when the chorda tympani is stimulated, but this calcula- 
tion cannot be profitably attempted with the data at our disposal. In 


each case the time between the collection of the second and third © 
samples of blood from the stimulated gland is too great to be certain 


of the portion of the curve of oxygen use which lies between them. It 


is better therefore to withhold any such calculation till it can be made 
with greater certainty as regards the interpolated portions of the curve, 
and in experiments in which the quantities of saliva, and the speed at 


which it is secreted under chorda stimulation, are more systematically 
treated. | 


The similarity between the results treated in this paper and those 


already obtained in this laboratory by Verzär, on the oxygen used by 


skeletal muscle, is very significant; so much so that it becomes almost 
unnecessary to discuss our results, as mutatis mutandis the discussion in 
Verzär's paper will serve for the salivary gland as well as for the 
muscle fibre, the point being that the oxygen appears to be used not in 


_ directly providing the energy necessary for the secretion of the saliva, 
-but rather for re-establishing the potential energy of the physical or 
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chemical eystem which performs the complex fanction of secretion, 


a process which is in the last resort a manifestation of the of 
— to — energy: 


‘SUMMARY. 


The oxygen used by the submaxillary gland in .decerebrate cate is 


0016-0028 cc. per gram per minute; this figure does not differ 


materially from that used by the glands of anwsthetised cats. 

This is much increased by the injection of adrenalin in doses which: 
cause a flow of about 0:25 cc. of saliva. Presumably therefore 
appropriate stimulation of the sympathetic causes an increase in the 
metabolism of the gland. Reasons are given for the belief that the 
dilatation of the vessels caused by adrenalin is due to N products 
rather than dilator fibres. 

Oxygen is used up in abnormal quantities for some e afer 


has almost ceased at 


the time of the maximal oxygen use. 
In the case of chorda tympani stimulation the patina of 8 


oxygen outlasts that of salivary secretion by several minutes: the 
disparity being greater the less ‘fit’ the gland. Probably therefore 


gland, like muscle, is a mechanism in which the oxidation serves to 
replenish a store of potential Wake which is liberated in the act of 


 gecretion. 


We wish to thank Messrs A. G. Irving and L. . Ingle of King’s College for having 
helped us at times in our 
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THE CONTROL OF THE SUPRARENAL GLANDS BY © 


THE SPLANCHNIC NERVES’. By T. R. 
M.D. 


ren the Research Laboratories of University Coles, 
Hospital Medical School.) | 


by the suprarenal glands in resisting various processes that are harmful . 
to the body. For the last two years I have tried to gain some light on 
this question by analysing the state of exhaustion to which the human 


suprarenals are reduced in the different conditions leading to death in 


Hospital cases. Attention was paid chiefly to the loss of the normal 
load of cortical “lipoid” substance and of the adrenalin in the medulla, — 


the gross total of the latter being measured quantitatively by physio- 
logical assay. 


Unfortunately the conditions of fatal 8 in man were found to : 
be too complex to permit of simple analysis. Broadly summarising the 


results, it appeared that the glands suffered rapid exhaustion in cases of 


any microbic fever, of repeated simple hemorrhage, and of surgical 
shock: but to distinguish clearly the value and nature of each of these 


factors was impossible. I therefore tried to reproduce each separately 


on experimental animals, in which the relationship of the nervous 


system to the glands could at the same time be studied. 


Method. Cats were used in all the experiments. The lipoid in the 
cortex of the cat“ is never so abundant as in the human gland: changes 
in its distribution were observed histologically, but they did not seem 


to follow any special cause, and they will be referred to only incidentally 


in this paper. It was therefore to the adrenalin content of the medulla 


that attention was in the main directed. 


of the reais ha gan Physiol. Soe, This 
Journ. Al. p. xxvii. 1912. 


2 Reference is made here only to papers which 00 
for Biedl's admirable Wien, 1910) all 


work up to date, 
* Riliott and Tackett, p. 281. 1906. 
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Roughly. both lipoid and adrenalin content could be gauged by 
inspection of the cut surface of the gland after hardening it in a 
mixture of potassium bichromate solution and formalin (Orth’s or 
Kohn's fluid). The fatty area is then visible as a white shell at the 
periphery, together with radiating streaks, as a rule, around the medulla : 


and the medulla takes a deep brown tint, varying patchily to a light 


yellow as. exhaustion of its adrenalin progresses. The irregular dis- 
tribution of the chromaffine reaction in the cells of a partially exhausted 
gland is very noticeable’ under the microscope, where ‘exhaustion is 
generally found to occur earliest in 8 masses of cells 8 to the 
largest veins. 

mined the actual amount of adrenalin that could be extracted from the 
glands after Various phases of activity. The method used is capable of 
considerable accuracy. Briefly, it was as follows: 

The suprarenals were excised, dissected clean, weighed, and each. 
ground up with a little sand and Ringer's solution in a mortar. The 
extract was carefully washed out in a total volume of 15 cc. This was 
boiled quickly, so as to avoid loss of fluid by evaporation, and filtered 
through glass wool. Sufficient extract, about 1°5°/,, was thus obtained 
for several injections. The extract was not acidified, and the estimation 
was always made as soon as it had cooled. Precisely similar vessels were 


used for each of a pair of glands; and the figures obtained, right and 


left glands in a normal cat giving exactly equal results, prove that the 
method of extraction was relatively satisfactory. | 

The absolute quantity of adrenalin in the gland was perhaps 
represented also with fair accuracy by the results, for the loss of 
adrenalin in the coagulated gland substance and sand may have been 
approximately compensated for by the concentration of the extract in 
boiling; this amounted usually to 1 or 15 c. c. on 15 c., and it was not 
made good by the addition of an equivalent volume of Ringer's solution. 


The error due to this concentration, if considered alone, would make 


the adrenalin content of a gland appear about O2 mgm. greater than it 
should be. 
For the quantitative estimation of the adrenalin in the solution two 


methods are open, colorimetric being quite useless. 


(Ii) The solution may be greatly diluted until the minimal strength 
is reached, which just affects some organ that reacts with great delicacy 
and certainty. The enucleated eyeball of the frog was suggested by 
Meltzer and used * by Ehrmann. Its use has been often 
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criticised, and it is beyond doubt unsatisfactory. Best is the isolated 


uterus of the guineapig, as employed by Dale: but the chief value of 
this lies in its being an admirable test for the presence or absence 
of adrenalin. It is for qualitative rather than quantitative work. 

(2) The actual concentration may be at once measured by intra- 
venous injection into a cat. Under suitable conditions the resulting 


rise of blood-pressure varies directly with the amount of adrenalin 
injected. Some years ago I employed this method’ with tolerable — 
accuracy: the improvements suggested by Dale’s experiments make it 


more reliable. After preliminary ether anesthesia, the brain of a cat 
was destroyed by pushing a probe upward through the foramen magnum: 
a tracheal cannula was then inserted and artificial respiration com- 
menced, both vagi being cut. The blood-pressure is now high, about 


140 mm. of mercury. After a little delay, a long probe is then passed 


from the orbit, through the cranial cavity, and down the spinal canal to 
about the 4th thoracie segment. The blood-pressure soon falls to 40 or 


50 mm.; and the cireulatory system then will respond with the accuracy 
of a chemical balance to any dose of adrenalin. If only the medulla 


and brain are destroyed, the reflex machinery of the spinal cord often 
tends to prolong a blood-pressure rise induced by adrenalin and carry it 


on unduly in a series of rhythmic curves which hinder the estimation. 


On the other hand, if the cord be completely destroyed to the sacral end, 
the peripheral dilatation of the vessels is often so great that the heart 
ceases to beat, and in any case the blood-pressure rise caused by 


adrenalin becomes slow and irregular. A slight tone must, therefore, 
be present in the vessels for the reaction to be reliable. Any irregu- 


larity in the reactions is best dealt with by rejecting the animal and 
making a fresh preparation. 
The injection was made into the external jugular vein by 4 cannula 
in connection with a burette of Ringer's solution. 
It is necessary that the injections should be made as pearl as 


possible i in equal times, and this was done by listening to a metronome 
beating seconds. The volume of solution containing adrenalin injected 
through the side needle was 1 Cc. in. 5 seconds, which was at once 


1 This Journal, XXIII. p. 447. 1905. In a table of the maximum rises of blood- 


pressure attained by adrenalin under ether or urethane (loc. cit. p. 448), I was inclined to 


regard such height as the greatest which the muscles of a cat’s circulation could attain. 
This was wrong. Adrenalin gives a rise to 300 mm. But the extreme stimulation of all 
the vaso-constrictor nerves and cardiac accelerators, caused by the passage of a narrow 
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washed through by 5 de from the burette in the next five seconds: 


The injection fluid was simply at room temperature, and when — 
alone it did not affect the blood-pressure. : 

The curve of blood-pressure rise was e on a . 
which was then turned back by hand, and the next injection made so 
that the curves should overlie one another. Identity of reaction 
requires that the curves should coincide in length as well as in height. 
As a standard solution any of the commercial preparations could be used. 
I preferred Hüchst's synthetic suprarenin, 1%, which for injection was 


_ diluted to 0025 %, so that 1 c.c. (025 mgm.) gave a maximal 1 rise of 
blood-pressure. 


Fig. 1. Pithed cat. of 

muprarenin, 0025 p. o. The injections were made in succession from the lowest curve 
‘upwards; after 08 c. o. again 0°4 0.0. was injected, and the resultant curve is seen 
to coincide very closely with that previously obtained with 0-4 0. o. 


The subjoined curves (Figs. 1 and 2) will illustrate the progressive 
increase in amplitude of the curves as the dose of suprarenin is increased, 
and they show that there is surprisingly little fatigue in the reaction. 
No time for recovery need be allowed, so soon as the blood-pressure has 
fallen to its original level, When the blood volume has been increased 
by the injection of 50 6.0. Ringer, it is well to abstract about 30 c.c. of 


blood and wait a short time for recovery. Generally 1 cc. of the 


extract was injected, then such amount of the standard, 6 or 8 C, wit 
saline up to 1 c.c., as was thought likely to give a similar reaction. With 
one curve above and one below that of the extract, it was usually 
sufficient to deduce the exactly equivalent amount of the standard by 
25—2 
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interpolation and not to try exactly to duplicate the curve. The first 
amount of the extract was then injected again, to test whether the 
reaction was eter? and corresponded exactly _ the first. This it 
should do,. | 
Several estimations can easily be made un the same ‘cat, so that not 
only was each of a pair of glands assayed on the same animal, but also 
glands from four or five cats, that had been subjected to different 
conditions of experiment on the same day, could be contrasted with one 
another under the same conditions of assay. This gave full value to the 


Fig. 2. A graded series of curves like the last, but with a slightly different type of reaction 

from the test cat. After 0°7 c.c, there were injected first 1 o.c. of the extract of the 
The two glands contained nearly equal amounts. 


_ contrasting experiments, even if there were any doubt as to the absolute 
value of the adrenalin estimations; and it was an economy of working 
time. Under favourable dens and by the exercise of some 
patience, the adrenalin content of a cat’s gland could be assayed to an 
accuracy of ‘01 mgm., and always, at any rate, to 03mgm. This form 
of adrenalin estimation naturally — any observations on _ 
distribution of the cortical -~ 
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GLANDA, 


In an earlier paper’ I have given a series of weights of suprarenals ) 
from a number of cats, and remarked on the slight difference in weight 
between right and left glands, together with the considerable increase 
in size with bodily growth, especially in the female. These differences 
were seen to be mainly due to cortical growth, although there was also 


some increase of the medulla. The total adrenalin content varies much 


more widely than the size of the medulla, for it fluctuates greatly from 
time to time in the same animal: very roughly it is about one- 
thousandth of the weight of each gland. 

In nearly all intact animals the residual adrenalin is 


exactly equal in the right and left glands, 


The highest yields were always found in cats that had been in the 
laboratory a week or more, resting quietly each in a e cage and 


deing well fed. For example: 


Right gland 20 gm. mgm. suprarenin, 
Left gland -196 gm. = ‘32 „ 


ent admissions on the other hand were always sulky for a ead or 


‘80, ready to snarl at their comrades, and very suspicious of their sur- 
roundings. In such, though their general bodily 9 might be 
127 the adrenalin value was always lower, 


90 Right gland 21 gm.=-15 mgm. suprarenin. 
Left „ „ * 


At various times 16 normals were 1 and only three of these 
gave a difference of as much as 02 mgm. between the two sides. The 
assay results for an adult cat were on an average, * of each 

gland 2 gm. and 


EFFECT OF FRIGHT. 
My first endeavour toward the analysis of pathological conditions 
was to examine the effect of fever alone without the complications 


introduced by microbic toxins. For this purpose I used the well-known 


pyretic drug §-tetrahydronaphthylamine hydrochloride. It failed to 
‘produce the desired effect. Two or three cc, of a 2% solution injected 
subcutaneously did not raise the rectal temperature of a cat by more 


1 Elliott and Tuekett. This Journal, XXXIV. p. 886. 1906. 
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than a degree, while it caused the most obvious and persistent 
excitation of certain plain’ “sympathetic muscles. The pupils are 
dilated to the utmost, and the eyeball is protruded: the whiskers are 
set stiffly erect, and the hairs down the back and on the tail are all 


raised. At times there is a tendency to lacrymal secretion, and the 


animal salivates a little. The body muscles show no tremor, nor 
unsteadiness: but the cat presents all the external features and 


attitude of persistent, wide-eyed alarm. Such, too, is its psychological | 
state. Left alone, it may cry at intervals: snarls and hisses greet any 


one who approaches the cage, Next day the effect of the drug has 


passed away; the cat regains its equanimity and eats freely. B-tetra ‘ 
in the cat, then, causes fear and stimulation of the sympathetic muscles, 


but not fever. 


During its action, the suprarenal glands 1 partial loss of 
residual adrenalin. On account of the varying load of adrenalin, upon 
which emphasis has already been laid in respect of different cats in 
different emotional states, it is of little value to quote figures for 
a normal cat under the influence of the drug, for the exhaustion is not 


complete. 


It was found that the exhaustion was affected by central impulses 
passing through the splanchnic nerves, and this provided a clear method : 


of demonstrating the action. 


- Splanchnic innervation. In a series a cats the splanchnic nerves _ 
were cut. This was done through a lumbar incision without opening 
the peritoneal cavity. The major splanchnic was identified and 


dissected down to the semilunar ganglion: the latter was then hooked 
up and all the preganglionic nerves to it divided. The dissection needs 
to be thorough, lest the minor collateral strands that cross the aorta 
from the lumbar sympathetic, or even the minor splanchnic itself, 


escape section. No blood vessels were divided, and care was always 


given to preserve the great lymphatic vessels behind and above the 
semilunar ganglion. The suprarenal itself was not interfered with at 
all. Probably the nerves were all divided in their preganglionic course’. 


It will be seen from the subsequent results (cf. chiefly Exps. 10 and | 
21) that the mere dissection in itself did not affect the functions of the 


suprarenal gland. None the less, as it might be urged that harm was 


Nerve ganglion cells are always present in the medulla. Dogiel figures these (Arch. 
J. Anat. u. Physiol, p. 90, Fig. 8, B. 1894) as being definitely on the course of the numerous 
maedullated nerves that lie in the medulla of the gland. Perhaps all the nerves external 
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lunar ganglion. 
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done by cutting tissues so close to the suprarenal, in many of my 


experiments, where the cat was not required to live after the operation, 
the sympathetic nerves were divided within the thorax just before they 
pierce the diaphragm. The recognition of the nerves in this situation 


is even easier than in the abdomen, and both right and left trunks can 


be divided, if necessary, from an opening on one side of the thorax, 
since the contralateral trunk is easily seen when the thoracic aorta is 
raised from its bed. Section of the splanchnics in the following experi- 
ments means division below the diaphragm, except where it is specially 


stated to have been done within the thorax. 


The vagus has no direct anatomical connection with the suprarenals, 
and consequently experiments were not made directly to test its control. 
But in the course of my various experiments no difference was ever 
See the vagi were cut or 
uncut, 

After the operation the animals soon ested perfect health, and 
their suprarenals in consequence were always loaded with adrenalin to 


a high figure. Mere section of the nerves does not affect the 


adrenalin load in a quiet animal, Examples ai are: 


060 Left splanchnics cut 1 day. 

Right gland 
Left „ 

(4) ‘aft eplanchnion out 2 days 

Left 27 gm. = ‘87 mgm. 

(6) ot 1 aye. 

Right gland : 


0 Bight splanchnis out 14 days 


Right gland 2 50 mgm. 
Left „ 2 gm. 30 mgm. 
upon the suprarenals, for the glands are larger in the multiparous 
female than in the male. 
exhaust them. 
Left splanchnics cut 11 days. 
Bight gland gm. mem | 
Lett „28 gm. 80 mgm. 
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However, many conditions can be induced in which a differential * 

lom of adrenalin occurs, and one means to that end is the aubeutaneons 

injection of 8-tetra with its resultant fright. 3 


(8) Right splanchnics cut 15 days. 
nd hoor and hor fore dah — 


Left „ I gm. 15 mgm. 
@ Left splanchnics out 11 days. 
80%. B-tetra 24 hours before death. Very angry. e, 
Right gland 22 gm.=-07 mgm. } 
Left  ,, 2 gm. 19 mgm. 
3 8 eo. Bl. tetra 24 hours before death. Very angry. ‘Killed in 15 minutes by 15 
4 of 
4 Right gland 250 gm.=-18 nm. 
Left „ °285 gm. = 19 mgm. 3 1 


(1) Right splanchnica cut 18 days. 7 
358 %. B-tetra 7 hours before death. Killed. Glands examined histologically. 
Fat was equally distributed in the usual zones in each, but the left gland 
This loss of residual adrenalin was, therefore, to be regarded as the of 
result of central nervous impulses, and not caused by direct peripheral 3 
stimulation of the gland cells. It was not due to fever, but might have 
been associated either with the emotion of alarm, or with the 
excitation of the hair and other sympathetic muscles. Jonnescu’ 
emphasised the fact that the general stimulating action of the drug is on 
muscles with sympathetic innervation and not on gland cells; and he 
suggested, from degenerative section experiments, that the seat of its 
action is partly central, and partly peripheral. The latter is more or 
less true, After excision of the superior cervical ganglion, the effects 
on the denervated pupil are certainly almost as full as on the normal 
eye; but this may be a response to the adrenalin liberated from the 
suprarenals. No excitation results from direct application of the drug 
to the cells of the superior cervical ganglion. Still the general 
sympathetic excitation is slight: injected intravenously it produces, in 
small doses, only a slight rise of blood-pressure, and a rapid fall with 
bigger amounts: nor is there any manifest rise when it is injected 
subcutaneously. Hence it does not seem very — the 


1 Arch. f. exp. Path. u. Pharm. ux. p. 348. 1909. 


8 
Py 
* 
1 
* 
28 gm. =-30 mgm. 4 
4 
7 
* 
* 
— 
F. 
“eg 
* 
* 7 
“J 
“a 
* 
“a 
4 
29 
* r 
A 
~ 


44 
Me 


London, 1900. 


NERVE OONTROL OF SUPRARENALS. 386 


hypothesis cannot be excluded—that the adrenalin exhaustion ought to 
be regarded as a discharge directly required in consequence of the 
prolonged excitation of an area of muscle with sympathetic innervation. 

There remains the emotional alarm, a feature very prominent in 
the cat, much less obvious in the rabbit and guineapig', where it was, 
however, noticed by Pembrey and Mutch* This might be either an 
emotion of central origin, or, on James’ theory, the mental expression 
of the impulses generated by the drug’s continuous peripheral excitation 
of the muscles of emotional expression. An experiment somewhat 
similar to Sherrington’s*, was made to test this. The spinal cord 
of a cat, which had been previously proved to give a full emotional 
reaction to f-tetra, was transected at the first thoracic segment. 
Ten days later 2°5 c.c. of 2°/, B- tetra were injected subcutaneously, 
The usual peripheral reaction was seen, and the animal, which had 
previously been peaceful, became very angry and bit its attendant. 

Apparently, therefore, the emotion is centrally excited; and it 
seemed possible that it was this fright alone which led directly to the 
exhaustion of the suprarenal as an immediate means towards the 
expression of this emotion. 

At Prof. Cushny’s suggestion I made use of another drug which 
terrifies cats, morphia. Twenty mgm. of this impels a cat into ceaseless, 
wild, disordered movements that strongly suggest their origin in 
pressing hallucinations of dread. The animal gives no cry; it does not 
attack those who approach it; and, while its pupils are dilated, it 
evinces no other phenomena of peripheral sympathetic excitation. Yet 
the exhaustion of adrenalin via the splanchnic nerves is even more 
marked than with g- tetra, where, on other 22275 the 
stimulation is greater. : 


Left splanchnics cut 9 days. 
| a eat killed 8 hours later. 
Right gland 205 gm. · O2 mgm. 
Len „ 200 gm. 15 mgm. 


placed. In my own forearm, where adrenalin is quite effective, 8-tetra produces no 
pilomotor effect and no vaso-constriction. I never used a large enough injection in myself _ 
to cause any sensation of alarm, being to some extent deterred from doing so by the 
p. 123. 1911. 
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Morphia 20 mem. killed 6 bours later. - (ot Big. 4) 

Right gland ‘195 gm. 07 mgm. 

˙ 
it 

killed 8 hours later. 

Left „ ‘210 gm. 412 mgm, 


From Exp. (18). Left splanchnics cut, er 
‘Labelling the curves A, B, LS 


es (A) 1 0.6. of left gland, 
(B) 
(C) 10. of right gland, 
(D) 02 0.6. of “0025 , 


A, D, B. 


As a control to this, strychnine was injected in successive iat ie 
of 4 mgm.: the result was a little muscular rigidity, but no alarm. 
A final dose of 6 mgm. suddenly killed the cat in ten minutes. 

(15) Left splanchnios cut 17 days. 

Strychnine 1°8 mgm. in 6 hours. Died. 

Right gland -2 gm.= 26 mgm. 
Left „ 2 gm. = 20 mgm. 

can, then, be no doubt of the differential 
3 of the glands, when the splanchnics have been divided on 
one side, is caused by morphia and by §-tetra, drugs which have the 


common action of exciting the cat to emotional alarm. Experiments 
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taken, that this exhaustion is directly due to the fright caused. The 
most direct method of analysis would be that of inducing emotional fear 
at once, as by vexing the cat with a dog. This I have not done. But 
evidence of that nature is supplied by the experiments of Cannon and 
de la Paz’ in which, by a very delicate and i ingenious method, they 
showed that the emotion of anger or fear is associated with the 
— of adrenalin in the blood from a cat’s suprarenal vein. 
Rise of blood-pressure. The results with aie could be ex- 


plained on either of two views: 


(a) That a large area of sympathetic is thrown into action, 
in part directly by the drug and in part indirectly by the nervous 
system, and that the suprarenal gland secondarily receives a call 
through the splanchnic nerves to contribute its oe to that peripheral 
action. 

(6) . That. the whole sachin of 8 musculature and of 
the suprarenal glands may be at once and simultaneously excited by 
a universally distributed impulse, as in emotional alarm, the call on the 
suprarenal being then made directly and urged whether the peripheral 


responds or not. 


Emotional alarm could be present with either (a) or (b), though the 


latter has in the preceding pages been taken as the provisional 


explanation. The hypotheses at once suggest further experiments, in 


which the excitation of the sympathetic musculature shall be caused 


independently of alarm. The simplest is that of producing a general 
and prolonged rise of blood-pressure.. Stimulation of the central 
end of a large nerve, such as the cut sciatic, does not cause a big 
rise. I therefore endeavoured to reproduce the conditions of cerebral 
hemorrhage in man, in which a prolonged rise in blood-pressure is 
often caused by the injurious presence of the outpoured blood. 

A cat was pithed by pushing a sharp stilette through the foramen 


magnum and forwards to the frontal lobes, where a lateral movement 


transects the crura cerebri. If the animal’s head be fully flexed 


during this operation, the instrument will. pass through the cerebellar 


peduncles above the medulla, so that independent respiration is 
preserved. The blood-pressure, after a transient enormous rise (asso- 
ciated with sweating from the pads), falls to a high level of 140 or 
150 mm.: both vagi are then divided, and the splanchnic nerves cut 
on one side, The cat is covered up on a warm box, ultimately killed, 


and the adrenalin content of the two suprarenals assayed. Exhaustion 


1 Amer. Journ. Physiol. XXVII. p. 64. 1911. 
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(16) Piel 8 hours Natural respiration throughout. Vagi and left splanchnics 
out. 


Right gland 12 gm.=-08 mgm. 
Left „ 128 gm. 19 mgm. 
(17) Pithed 4 hours, Left splanchnics cut. Natural respiration throughout. Blood- 
pressure 140 to 150 mm. 
Right 22 gm. = 11 mgm. 
Left 20 gm. 25 mgm. 
Pithed 4 hours: artificial respiration needed. Teak out. door nsr fo 
1 hour at 110, for 8 hours at 80 to 60 mm. . 
Right 24 gm. = 15 mgm. 
Left 28 gm. 0 mgm. 


The same effect was also observed when the cerebral et 


immediately across the crura cerebri, and without direct damage of the 
brain structures below the tentorium. 


4 _ Blood-pressure 140 for 84 hours. Slight glycosuria: no fever. 
se Right -25 gm. =-19 mgm. 
Left 27 gm. 2 mgm. 


sa Pithed 6 hours. Natural respiration. Left splanchnics cut. 3 


160 to 140 mm. Glands hardened in Orth’s fluid. 
Right colourless. 
Left full chromaffine tint. Fat equal in sah. 


To prove that the dissection around the semilunar ganglion dd not 
hinder loss of adrenalin from the gland of that side by interference with 
its circulation, the following experiment was made. . 
2) Pithed 4 hours. Natural respiration: vagi cut. Blood-pressure 160 to 140. 
Right splanchnies cut. a 
Right -26 gm.=-34 mgm. 
Left 25 gm. = O4 mgm. 

Lastly, the sympathetic nerves were cut within the thorax, so as to 
avoid all chance of — with the tissues around the suprarenal 
| gland. 

(22) Pithea 5 hours, 
Right 165 gm. 11 mgm. 
Left 14 gm. · 26 mm. 


alone were destroyed by pushing the stilette through the temporal fossa 


Transtemporel pith. Artificial respiration. Val nd 
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From these, and other experiments with invariably the same results, 
it was certain that the damage to the brain led to exhaustion of the 
suprarenal that was still in nervous connection with the spinal cord. 
But there still remained unsettled the distinction between the possible 
pp (a) and (5); for the exhaustion was accompanied by 

a persistent rise of blood-pressure and steady constriction of the 
muscles of the blood vessels. | 

With the hope of removing this vasoconstriction I injected into the 
veins 8-iminazolylethylamine, the histamine which Dale and Laidlaw! 
have shown to be so powerful a depressor of the cat’s systemic blood- 
pressure, while it either leaves untouched or stimulates the known 


sympathetic glandular nerves. The cat was pithed, B- i injected so as 


to reduce the blood-pressure to a low value, and then the left 
splanchnics cut. Exhaustion of the contralateral suprarenal still 
resulted. 


(28) Pithed: natural respiration: blood-pressure 170 mm. -i, 0°6 mgm. injected: 
blood-pressure fell to 60. Left splanchnics cut. Killed 2 hours later, blood. 
pressure being about 40 mm. all the last hour. 1 

Right 18 gm. =-03 mgm. 
Left 14 gm.='16 mgm. 

(ay Pithed 4 hours 8·i, in all 2°8 mgm. of the base. Blood-pressure fell from 150 
to 50. Left splanchnics cut. The vaso-constrictors were not paralysed, for 


to 160. 
Right 15 gm. O1 mgm. 
Left 15 gm. II mgm. 

8 injection of B- i, therefore, does not serve to make the 
desired distinction. During its action the blood- pressure is very low, 
but the vaso-constrictors are not fully paralysed, and the nervous 
exhaustion of the suprarenal proceeds as usual. As will be shown later, 
the drug does not directly excite the gland cells to excretion. 


This view, that cerebral irritation may directly excite the suprarenals, is not a new — 
one. André Mayer“ elaborated Blum's“ suggestion that the glycosuria of Bernard's 
“ diabetic puncture” might be caused by the splanchnics playing on the suprarenals, and 
liberating adrenalin which in its turn would act upon the liver to produce sugar. Nishi‘ 
was guided by a similar opinion, when he showed that the subcutaneous injection of 
diuretin failed to cause glycosuria in a rabbit after. excision of its suprarenals. Cannon® 


1 This Journal, II. p. 818. 1910-1911. 
1 0. R. Soc. de Biol. p. 1128. 1906; and p. 219. 1908. 
3 Pfliiger’s Arch. xo. p. 617. 1902. 
4 Arch. f. exp. Path. u. Pharm. uxt. p. 401. 1909. 
5 Amer. Journ. Physiol. xxrx. p. 280, and p. 274. 1911. 
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TA. fond, been ‘previously: The sole contrary 


evidence ig that of Wertheimer and Battes', who state that they were able to causes 


in cats by the Bernard puncture after removal of the suprarenals. The bulk 
of evidence is in favour of the view that brain injury or excitation — ee 


renals, and so may produce moderate glycosuria. 
Sugar always appeared in the urine of my pithed cats, though its e sis e 


reduced in the cases where fi had been injected wich consequent R 


and diminution of urinary secretion. 


Frbror or ANASTHETICS AND OF OTHER DRUGS. 
From the experiments already cited, it appeared probable that the 


4 in a cat attendant upon the induction of anzsthesia by ether or 


chloroform would lead to some exhaustion of residual adrenalin. But 
there was no reason to suppose that the exhaustion would proceed 
subsequently while the brain was in a state of deeper anesthesia oom 
however, was found to be the case. 

Ether 6 hours: left splanchnics out. 


Right gland 28 gm. = 11 mgm. 
Left „ 28 gm. 22 mgm. 


(38) Female, 2700 gme., Ether 3 hours. 
Left splanchnies cut: blood-pressure 140, 
Right 45 gm. 20 mgm. x 
Left 46 gm. 45 mgm. 
(27) Left splanchnics out 9 days. 
interference with the animal’s tissues. 


Right 28 gm.=-18 mgm. 

Left 25 gm. 1 mgm. 
Other experiments were made with a slight variation * the ial 
: type. A gland extract made in the ordinary way, and not acidified, 
was found to lose strength slowly on standing at room temperature—in 
four experiments the solution lost in six hours on an average 04 mgm. 
or roughly 20%. An excised gland kept on ice for six hours lost 
practically no adrenalin; whereas one kept at room temperature (17°) 
in a moist chamber loat about 30°/,. For example, the glands were 
both excised from a newly killed cat: that of the right side was at once 
assayed, 15 gm.= 22 mgm.: the left was kept at 17°C. for five hours 
and then extracted, 16 gm. 15 mgm. | 


amounts of adrenalin, and since an excised gland ee 
1 Arch, internat. de Physiol. p. 868. 1010. 


Since the glands on each side normally contain exactly similar 
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very slight loss of adrenalin in a few hours, the following experiments 
„„ of adrenalin loss under 
er. 


128 Uther. Right’ gland at once excised: 
6 hours. Blood - pressure 110 to 90, 


Right 2 gm.=-26 mm. 
Left 2 gm. = mgm. (Of. Fig. 4.) 


* 


~ 


Fig. 4. From Exp. (28). Right gland excised, and left splanchnics cut. Ether anes- 
thesia for 6 hours, which exhausted left gland. Curves A, B. 0, D from above 7 
downwards are respectively 

(A) 144 of ol: bight gland, 


06 of -0025°, suprarenin, 
0 of 0025%,, 


(D) 


‘The exhaustion of the . left in the cat could be e . 
by section of the splanchnic nerves. : 


% Ether. Left gland excised. Biber continued bow 
Blicod-pressure 110 to 180. Animal then killed. 
Right 16 gm. = · 12 mgm. 
Left 14 gm. 11 mgm. . 
e ~~ Left splanchnios out, and right gland excised. Ether continued, for 
T Blood-pressure 140 to 180. 
Left 80 mgm. (ot. Fig. 6) 
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Fig. 5. From Exp, (80). Bight gland excised, and left splanchnics cut. Ether ans - 
thesia continued for 7 hours, but no exhaustion of left gland. Curves are 
(A) 0˙7 0.0. of 0025 % suprarenin, 
(B) & O) Olosely overlapping, 
D) 06 of 0026 %%. 
Injected in the order B, C, D, A. 


The exactness of this numerical 5 was not a mere chance, 
for it was observed on every occasion. 


placed in ice chest. ‘eonsinned bor hours. 
140 mm. 


Right 28 gm. = 27 mgm. 
Left 22 gm. = 2/7 mgm. 

Similar results were obtained with other ansesthetics. 

Chloroform. Anmsthesia is induced much more quickly than with 
ether, and there is less struggling and holding of breath up to a stage 
of partial asphyxia. But the exhaustion of the suprarenal is fully as 
great as with ether, and is effected in the same way through the 
nerves. 

(82) Chloroform 5} hours: left splanchnics cut. 
Right 185 gm. O mgm. 


Left 178 gm. mm. 
(88) Chloroform 5 hours: thoes, whish wa then 
and natural respiration re-established. 
Right 19 gm. · 15 mgm. 
Left 18 gm. 26 mgm. 


Chloroform 27 hour. No 


Left 20 gm. 24 mm. 


6 Ether. Left splanchnics out within thorax. eee 
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1380 mm. 


Right 25 gm.=-21 mem. 
Left gm. =‘21 Ingm. 


Urethane. injection of this can effected 
without del ‘alarm of the cat, which passes slowly and drowsily into 
a state of unconsciousness. So the excitement of the first stages of 
angsthesia by the volatile anasthetios is avoided. Still the exhaustion 
through the nerves appears. 

when fully narcotised. Killed 44 hours after this. 8 ; 


Right 12 gm. O mgm. 

Left 11 gm. 18 mgm. 

(87) Left eplanchnis en 9 hour Inter. Killed 6 hours afer this, when 
| blood-pressure was 106. 


Right 186 gm. · II mgm. 
‘Left 189 gm. · 28 mgm. 


W It would be of great interest to prove shld some i 


has power directly to stimulate the suprarenal medullary cells to 


excretion of adrenalin, for then the apparent general action of the drug 
on other tissues of the body would be complicated by the reaction 
secondary to the adrenalin liberated’. 

I have made several experiments upon this point, but failed to find 
proof that pilocarpine influences the adrenalin load in any way. 
Tscheboksaroff* also could find no evidence that pilocarpine excites — 
secretion from the suprarenals. : 


(88) Ether 4 hours: left splanchnics out. Pilooarpine in doses of mgm. 
| 
Bight 26 gm. = 17 mgm. 
Left 26 gm. 20 mgm. 
ether through the splanchnic nerves: the left gland with cut nerves 
retained a big load of adrenalin. Absence of evident exhaustion does 
not-exclude some brief stimulus to excretion: for it will be shown later 
in this paper that faradisation of the splanchnic nerves does discharge 
adrenalin into the blood, but yet fille to produce very en en 
of the residual adrenalin. = = 


1 Of, Dale and Laidlaw. Proc. Physiol. Soc. This Journal, 1012. 
Rüger Arch, oxxxvn, p. 59. 1910-19011. 
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(50) Ether 24 hours: richt eplanchnios cut: Jett dissected out, but not cut. Pilo- f 
| earpioe in all 30 mgm. Profuse seoretion of saliva, and twitching of body 

muscles. | 

Right 196 gm. 50 mgm. 

Left 19 gm. =‘24 mgm. 

| ts neither of these assays was allowance made forthe small amount {° 
of pilocarpine that might be present in the suprarenal glands, for this ; 
would probably be the same in each, and could not affect the contrast i 
result. 
Physostigmine. This drug, according to the experiments of Tsche- } a 
boksaroff on dogs, does increase the output of adrenalin even after of 
section of the splanchnics. I could not find any trace of consequent 1 


exhaustion in cats. 

(40) Ether for 8 hours. Left splanchnics cut within thorax. Physostigmine in 1 
successive doses up to total of 14 mgm. Fair secretion of saliva: ‘bodily = 
twitchings : to very low level. 

Left 18 gm. · 16 mm. 

Ether. Left splanchnios ont within thorax. 9 mm Died in 
1} hours, with very low blood-pressure, 

Right 19 gm. mgm. | 

Left 20 gm. 28 mgm. 

earlier in the paper. It has no direct exhausting action on the medullary 
cells. 
| Ether. Right suprarenal excised and placed on ice : within 
thorax. i in sueceasive doses of 
 Pitustary extract. There are some views currents as to 
the interaction of the ductless glands, and therefore it is desirable to know | Bet 
whether pituitary extract can stimulate excretion of adrenalin from the * 
medullary cells, the mote so inasmuch as its direct action on some gland an 
cells has been illustrated by Ott’s' discovery that it stimulates the a 
mammary gland to rapid secretion. a 
Ether 4} hours. Pituitary extract, 
| Burroughs’ and Welléome’s 20 % given in 
to total of 8 c.c. 4 

Right gm. =-22 mgm. 

Left 82 gm. mgm. 
administration of ether alone for 43 hours. A second experiment gave a similar result. a 

1 Of. full analysis by Schäfer and Mackenzie. ‘Proc. Royat Soc. B. p. 16. | ah 
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Adrenalin. The intravenous injection of this substance in large 


quantities does not appear to influence either storage or loss of adrenalin 
from the suprarenals. There is certainly no direct action on the gland. 


Be? ihe. Right splanchnic cut within thorax and left suprarenal excised. Adre- 
nalin then injected into jugular vein in snocessive doses of · 2 mgm. until 
total of 8°6 mgm. was reached in 4 hours. V 
to 220 mm. : 
Right -205 gm.="28 mem. 
Left 20 gm. 20 mgm. 


‘The loss when the splanchnic nerves are uncut, is much the : same as 
would be seen if the cat were left under similar conditions of ether 


antesthesia and without the injection of adrenalin. The adrenalin has 


no apparent effect in saving the gland from exhaustion. 


(e Ether. Left splanchnics cut within thorax. Adrenalin injected to total of 
8-5 mgm. in 8 hours. Blood-pressure rose at first to 350 mm., and later to 
240. 

caused in the cortex of the glands. 

-16 gm. =-03 mgm. 

Left 15 gm. ="15 mgm. 


A statement of mine in an earlier paper’, that the injection of 


adrenalin discharges the medullary cells, was a mistake due to ignorance 
of the loss under simple ether anzsthesia and experimental interference 
with the animal's tissues, conditions in themselves sufficient to produce 


the changes which I had attributed to the adrenalin. 
Diphtheria toxin. Many observers have remarked on the hæmor- 


rhagic congestion produced in the suprarenal glands of rabbits and 


guineapigs by the fatal action of microbic poisons, this being especially 
noticeable in death caused by diphtheria toxin. The view has in 
consequence often been urged that one function of the suprarenal may 
be to neutralise such toxins. For this the sole evidence is an old 
experiment of Walter Myers“, that cobra venom is rendered harmless 
when triturated with suprarenal gland cells. This particular result, 
however, might be ascribed to the active oxidase in the suprarenal. 
There is no reason at all for believing that microbic toxins can be 
neutralised by an action of suprarenal cells, whether of the cortex or 


- medulla. Noon“ showed this with regard to diphtheria toxin, and the 


fact has been confirmed by Ritchie and Bruce‘, who added the 


1 This Journal, XXII. p. 427. 1905. 
2 Brit. Med. Journal, p. 946. 1898. 
This Journal, xxx1v. p. 832, 1906. 
Journal Exp. Physiol. . p. 127. 1911. 
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supplementary observation that diphtheria toxin in its turn does not 
exert any destructive action on adrenalin. | 

None the less the relationship of the toxins to the suprarenals wight 
conceivably be a close one, namely this, that they are not destroyed by 
the gland, but that they destroy the animal largely through its glands, 


throwing them out of action and so tanning circulatory depression and 


death. 


Such a view would be supported by the observation of many 3 ‘ 
especially of the French school, that the suprarenals of guineapigs killed 


by various infections are emptied of adrenalin and often congested, as 
particularly with diphtheria toxin. And it would embrace my cases of 
various septic fevers in man, where the adrenalin load is quickly. 


lessened and the cortical lipoid vanishes at once. But the view would 


postulate a complete exhaustion of the adrenalin that death might 


ensue: and the exhaustion is not complete. Ritchie and Bruce, 
indeed, do describe a complete exhaustion by diphtheria toxin in the 
guineapig. But it certainly does not occur in the cat, nor in man. 


7 Diphtheria toxin, 15 ¢.c., injected subcutaneously. Cat died in 40 hours. 
Right 21 gm. · 14 mgm. 
Left 1 gm. 15 mgm. 


| ‘This 1 had been in stock gome time, and its glands should on 8 
contained probably 25 mgm. Some loss had, therefore, occurred over 


and beyond that due to post mortem changes in the 12 hours preceding 


their analysis. But the loss was much too slight to justify a belief that 
the animal succumbed to lack of adrenalin from ite suprarenals, That 
the output of adrenalin from the glands can be maintained up to the 
time of death, and that the congestion does not simply lock it up 
inaecessibly within the gland, is proved by the subjoined eee | 


(47) Left splanchnics cut 82 days. Diphtheria toxin 50 0. subcutaneously. 


Right -27 gm. 04 mm. 
Left 28 gm. = 19 migm. 


(ac) Len splanchnies out 84 days. Diphtheria toxin, 


‘equally congested, 
| Right 26 gm. = 04 mgm. 
Left 27 gm, = 22 mgm. 
lan; Left splanchnics cut 24 days. C 
Right 35 gm. =-02 mgm. 
Left ‘82 gm. · 20 mgm. 
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600 Left splanchnics cut 24 days. Diphtheria toxin, ‘12.0.0. Death in 50 to 54 hours. 
_ Glands assayed about 4 hours after death. 
Right 28 gm. = 08 mgm. 
Left “215 gm. 15 mm. 


lands congested, so as to resemble bluish red plums: assayed at once. 
Right 20 gm. =-06 mgm. 
Left ‘19 gm. · 18 mgm. 


In these last five cats, which had been operated on, and were living 


quietly and happily in the laboratory, the adrenalin load of the glands 
should have been high. A slight loss occurred on the decentralised 
side, and much greater exhaustion on the side with nerves still intact. 
Soon after the injection, the animal refused food and moped. A similar 

period of moping would produce somewhat similar exhaustion in an 


Fig. 6. From Exp. (49). Left 
splanchnics cut. Death by 

_ diphtheria toxin. Right gland 
alone exhausted. Ourves are 


0 06 0.0. of 0025 % 
suprarenin, 


1 0. 0. of left extract, 

0-1 U.. of “0025 

1 oe, of ex- 
tract. 


15 otherwise healthy cat, doing 80 by impulses playing on the glands 


through the splanchnic nerves. The exhaustion caused by diphtheria 


_ poisoning seems to be of this nature. It is mainly produced through 
the splanchnic nerves, and only to a slight degree by a direct action of 


the poison on the glands: and probably it is an expression of the efforts 
made by the animal to combat the fall of blood-pressure and other 


changes due to the action of the poison elsewhere. In brief, the 


adrenalin exhaustion: is secondary, an expression of the cat's struggle for 
life: it is not a primary factor leading to death. In respect of the 


cortex there is no conspicuous difference between the decentralised and 


the other gland. Each shows spreading of the lipoid, though no longer 
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Direct STIMULATION OF THE SPLANCHNIC NERVES. 


The method of determining the residual content of adrenalin, after 
section of the nerves on one side, proves beyond doubt that the 
N nerves influence the amount of e in the suprarenal 


Acoepting Dogiel's account of the 3 connection of the 


splanchnic nerves with the medullary cells, and also the observation 
made first by Cybulski, 1896, and since confirmed by many others, that 
adrenalin appears in the blood of the suprarenal veins, several workers 


have sought to give a clear proof of the obyious deduction, namely that 


the splanchnics should control the excretion of adrenalin from the 
glands. All have attempted this directly, by electrical stimulation of 


the splanchnic nerves and analysis of the outgoing venous blood. 
Bied|’s' earliest experiments suggested that the splanchnics carried 
vaso-dilator fibres to the glands, but could not demonstrate any increased 


excretion of adrenalin. Dreyer however, obtained positive results 
with dogs. So, too, did Tscheboksaroff* in a very clear series of 


experiments, though he observed that after stimulation the gland on the 


stimulated side yielded a more potent extract, that is contained more 
adrenalin, than that of the other side. Waterman and Smit's“ 


observations on rabbits are too uncertain to require discussion. So the 
direct. proof of the nervous action, by faradisation of the splanchnic 


nerves, rests upon the results reported by Dreyer and Tscheboksaroff 


with dogs, and those recently by Asher“ with rabbits. 
Oddly, I have never succeeded in demonstrating more than a very 


slight loss in cats, when using the method of measuring the residual 


adrenalin. The effect of faradising the nerve directly is certainly much 
less than that caused indirectly through the machinery of central 
nervous control. Consequently, when a cat is kept under ether and the 


cut splanchnics faradised on one side, the contralateral gland ultimately) 
is found to be the more exhausted. ‘This result met me when first 1 


tried stimulation of the splanchnic nerves, and it seemed inexplicable 
until later the reflex exhaustion under ether itself was analysed and 


found to be the cause of the paradoxical effect. Tscheboksaroff also 
observed it, though he explained the by — 


rather than contralateral katabolism: - 


1 Pfliiger's Arch, tava. p. 448. 1897. Amer, Journ. Physiol. 11. p. 208. 


Pftiiger’s Arch, VI. p. 59. 101011. oxxrv. 1 198. 1008. 
5 Zntrib, J. Physiol. xxxv. p. 927. 1910. 
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[have made ten experiments, in which the splanchnic nerves were 
cut on both sides, so as to avoid the central effects of ether, and in which 
electrical stimulation was applied to the nerves of one side either above 
or below the diaphragm. 

It should be remarked that when the 1 nerves were 
stimulated within the thorax, the main trunk was used for convenience 
of its length and consequently the preganglionic fibres, not only of the 
splanchnies but also of those running for some distance down the lumber 
. sympathetic chain, were excited so that erection of hairs over the ramp 
was caused, This did not introduce any serious error into the various 
experiments. 

Faradisation was used for ious ‘thiee to seven hours, periods of 
stimulation for a few minutes alternating with those of rest, and the 
blood-pressure being always observed to make sure of the potency of 
the stimulus, The effect on the glands was very slight. 
For example: 


(52) Ether for 8 hours. „ right faradised for 
7 7 hours, 7 minutes on and 8 minutes off. Even at the end of the experiment 
trom 00 to 


110 mm. 
Bight -25 gm. —· 21 mgm. 
Left 25 gm. = mgm. 

When, instead of faradisation, rhythmic stimuli were thrown in at 

the slow rate of one a second, the effect was still less. 
Nor was any better effect seen when the nerve was faradised 
continuously for a period of two hours: the loss then, indeed, was 
almost inappreciable. 
On dogs I have made only four observations, which accorded closely 
with those on the cat. 

(68) Left splanchnios cut steady 

n gm. = *81 mgm. 
| Left -706 gm. 1-85 mgm. 

This illustrates the simple effect of 
the cat. To avoid this error, both splanchnics were next cut within the 
thorax, and faradisation applied to the nerve of one side or the other. 
1 a trace of exhaustion was produced. 

. ‘Samal dog. Ether and chloroform. Both splanchnics cut within thorax. Right 

faradised for 8 hours; 8 minutes on and 2 minutes off, with occasional longer 
intervals for recovery. Blood-pressure generally rose from 100 to 160 or 


170 mm. 
7 Right 50 gm. =-67 mgm. 
Left 47 gm. = 69 mgm. 
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Medium sized Ether, Both splanchnies out within thorax. Left fara- 
Reaction of blood vessels good and sustained : 
˙²˙ͤ6òw. premare tomy (Ct. 


Right 8 gm. =1‘3 mgm. 

‘Left -66 gm. - 14 mgm. 

Small 800 Ether and chloroform. Left 
faradised continuously for 14 hours. A 
3 sooner than the erection of hairs over the rump. | 

Right 36 gm. 75 mgm. 

Left 86 gm. =-65 mgm. 


“Hig % From Exp. (55). Dog: both splanchnies out, for-84 hours. 


off each, 


800 slight is the change in the residual adténalix: 8 a 
faradisation of the splanchnic nerves, that it would never have sufficed 


to convince me of the existence of the splanchnic control. But the 


experiments of Dreyer and of Tscheboksaroff, showing that adrenalin 
appears in increased quantity in the suprarenal venous blood when the 
splanchnics are stimulated, experiments that are of a delicate nature 


electrical excitation of the nerves causes excretion of adrenalin. This 


escape of adrenalin into the blood was illustrated by the investigators, 


whom I have quoted, by injection of the venous blood into a ‘second — 


animal and so proving its increased percentage of adrenalin. 


But it can also be demonstrated by the reaction of the muscles of 


the same animal itself, either by those of the blood vessels or elsewhere. 
Asher’ s method proves it for the blood vessels, insomuch as excitation 
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of the eplanchnics after removal of the abdominal viscera, that is of the 
muscles reacting directly to‘ splanchnic stimulation, causes a rise of 


blood-pressure; but fails to do so when the suprarenals have also been 

removed. Several years earlier I had attempted identical experiments 

and with a like result, but did not regard them as sufficiently convincing 

for publication because the blood- “pressure rise produced from the 

suprarenals, like that in Asher’s series, was never as much as 20 mm. 

A rise of 15 mm. is too near to the limit of error. Since Asher’s 

preliminary communication appeared’, I have repeated the experiments 

and find bis results to be definite and certain. In a pithed cat, a blood- 
pressure rise of 40 or 60 mm. can easily be obtained from the suprarenals. 

That is indubitable. My earlier failure was largely due to the fact that 

I had worked with ether anmsthesia, which reduces the difference to the 
low value given by Asher for rabbits. An example is: 


ben Small cat, 10.0am. Pithed, brain and upper half of spinal cord being oom- 


pletely destroyed. Thorax opened, 
placed. on one shielded electrode. 


10.15. Fatadise both splanchnies, coil 17 cm. Blood-preasare rose from 48 to 166. 


10.25. Remove intestines and kidneys. No loss of blood. 


10.87. Stimulate splanchnics, coil 17 cm. Latent period of 13 seconds, and then rise 
from 86 to 84. No escape to body muscles, but ramp hairs raised. (Ot. Fig. 8.) 

10.43. Squeese left suprarenal: no rise of blood-pressure. ; 

10.45. Stimulate splanchnics again. Rise from 40 to 96. 

10.48. Excise both suprarenals, taking care to preserve splanchnics. 4 | 

10.55. Stimulate splanchnics, coil 17 and then at 0. 4 

ki but ramp hairs well raised. 


11.186. Inject 02 mgm. adrenalin. Blood-pressure rise similar to that at 10.45. 


The observation was repeated in five different experiments, and was 


always entirely successful with pithed cate: a pressure rise of 66 mm. 
was the maximum, and 34 the minimum produced from the suprarenals, 


and there was always the same latent period“. 
Next I sought for evidence in the reaction of other muscles than 
those of the blood vessels. This is admirably provided by the 


denervated dilator pupillas, because the iris and associated sympathetic 


muscular structures respond, after excision of the superior cervical 
ganglion, with greatly increased sensitiveness to minute quantities of 


Physiol. 5. 998. 010. 
has pablished the full socoant of his 


experiments in Ztschr. . Biol. uvm. p. 274. 1912. No tracings are reproduced, The 


blood-pressure figures certainly do show the effect of the suprarenal excretion, though as 
‘earlier experiments and thought to be inconclusive. Pe LG th 
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adrenalin. Such enhanced reaction is best seen a week or so after the 


ganglion has been excised. Then, peripheral stimulation of the cut 


aplanchnics within the thorax, the cat being under ether and its blood- 


pressure recorded from the femoral artery so as to avoid inequality of 
circulation through either orbit, leads to the following results. For 


eight or nine seconds after the onset of the stimulation, as measured by 


the beginning of the blood-pressure rise, the eyes look alike, for ether 


anwsthesia generally induces a lobbing forward of the nictitating 
membrane on the sound side like that over the paralysed eye. Then 


suddenly the nictitating flashes back, the pupil dilates till the iris is 
a mere rim to the great, black globe, and the palpebral aperture is 


driven widely open. The normal eye remains unchanged. 


Fig. 8. From Exp. (57). Pithed cat. (A) Stim, both cut splanchnics, rise of 118 mm. 


(B) Ditto, after removal of abdominal viscera, rise of 48 mm., with longer latent 


period of 18 seconds. (C) Ditto, after removal of suprarenals; no rise, bl.-pr. 26. 


Drum was turned back between each, and stimulus always thrown in at the same 


time on the curve. Seconds marked below. 


All these phenomena of sympathetic excitation persist for some time 


after cessation of the stimulus and fall of blood-pressure, and they 


are identical. in character and time relations with those following 
intravenous injection of a small amount of adrenalin. Next, in the 
same cat, the suprarenals are quickly excised, either by a lumbar 
extraperitoneal incision or through the abdomen, and the splanchnics 


are again excited. The blood-pressure rises as high as before, but the 


denervated eye is almost irresponsive. The eyelids do not move at all, 


though the pupil dilates slightly and the nictitating is withdrawn 
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slowly and with more delay, the reaction soon vanishing with repetition. 
The contrast between the results before and after excision of the 


suprarenals is very great. It may be that the second effect, slight 
though it be, is similarly due to adrenalin, liberated from other 
paraganglia or from the actual processes of nervous excitation; or it 
may be from other metabolites. That the first and chief reaction is 
caused by suprarenal excretion seems to be beyond doubt. | | 
The prettiest form of the experiment is that in which the 
2 is excised only on one side: then faradisation within the 
thorax of the contralateral splanchnic causes full dilation of the pupil, 
whereas the ipsilateral and glandless nerve can evoke no such reaction 
at a distance’, 
Other metabolites probably can cause a reaction from the 
denervated pupil. Asphyxia does not readily do it in the adult cat, 
and the great “paradoxical pupillo-dilation that was also observed in 
the early stages of etherisation in two out of the three adult cats, on 


which I made these experiments, was probably to be ascribed to their 


struggling alarm and its attendant emotional excretion of adrenalin — 
when the ether was forcibly administered. But in the kitten asphyxia 


has been shown to cause paradoxical pupillo-dilation. At the time 


when Anderson’s* experiments on this question were published, 
I supposed that his results might be explained by an excretion of 
adrenalin. To test the hypothesis I excised the suprarenals from 
a kitten. Before the operation light anesthesia had readily produced 
paradoxical pupillo-dilation: subsequently it failed to do so, nee 
deep anwsthesia was still effective. 

In an adult cat the right superior cervical ganglion was excised, 
and the eye of that side in the days following was seen to react with 
great sensitiveness, being paradoxically dilated even in the slight anger 
shown by the animal when a stranger approached its cage. The 
suprarenals were then both excised by the lumbar route. Twenty-four 
hours later, while the cat was still strong and its rectal temperature 
normal, it was made angry; but not a trace of paradoxical dilation 
resulted, Light asphyxia was equally without effect. When, however, 

Since this paper was sent to the press, I have read the note by Joseph and Meltzer, 
Amer. Journ. Physiol, XXII. Physiol. Proc. p. xxxiv. 1912, describing a similar experiment 
in the rabbit. Their argument was not completed by the removal of the suprarenals, but 
the American authors have anticipated me in providing this good illustration of the 


excretion of adrenalin. e 
the rabbit as in the cat. | 


This Journal, xxx. p. 290. 1903. 
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the animal was deeply asphyxiated to death, a dilation of the: right 


pupil was caused in the terminal spasms. 


These experiments of 1904 were not published, the 
seemed to me then somewhat inconclusive. The paradoxical effect was 


certainly very much depressed by removal of the glands, but that I was 
inclined to attribute to the harmful shock of the operation and not to 
lack of adrenalin, because the reaction could be attained with deep 


asphyxia, Now fuller knowledge makes it clear that excretion from 


the suprarenal glands is the cause of nearly all the phenomena 
of paradoxical pupillo-dilation that have been studied by various 


workers. Still, these old experiments have interest in respect of the | 


present discussion because they prove that the suprarenals are not in 
absolutely all cases responsible for such paradoxical effects, which may 
appear in deep asphyxia although the suprarenals have been removed. 


Attention to the blood-pressure: records in the course of these 


experiments led, to my surprise, to another observation of interest. 
A well-known characteristic of the pressure curve seen when the 


splanchnics are stimulated under good conditions in the cat, is that 


it rises rapidly for nine or ten seconds; then, without any check in 
the heart’s rhythm, the curve is sharply cut down nearly to. the level 


from which it came, whence it rises slowly again so long as the stimulus: 
is continued. The cusp of the curve always is placed at the same time 


interval from the beginning of the rise, and the instant of the turn is 
that very moment when the nictitating membrane and other structures 
of the denervated eye first move, The drop is, paradoxically, due to 
the liberation of adrenalin into the blood, Further ‘proof of this is 
given in the detailed experiments that follow : 

(68) 
exoised 8 days previously, both splanchnics were cut above the diaphragm. Their stimu- 
lation yielded the typical result, pressure rising from 140 to 164, a sharp drop to 120, and 
then a slow rise to 150. Exactly at the turning point from 164 the nictitating and iris 


reacted on the denervated side. Both suprarenals were then excised by opening the 
abdomen, the viscera being covered with hot, moist flannels, The abdomen was closed, 


and the splanchnics again stimulated. Pressure rose from 180 to 170, steadily and 


without any secondary drop: the nictitating moved back very slowly and the iris dilated — 


just u little. Repetition gave always the same type of blood-pressure curve, an absolutely 
even rise that was uniformly upheld on a smooth plateau. 

‘Next a amall dose of adrenalin, O05 mgm., was injected into the cat’s jugular vein. 
A slow rise of blood-pressure resulted. The splanchnics were stimulated ; a smooth rise 


_ again. Finally the same dose of adrenalin was injected into the jugular, and at the same 


moment the splanchnics were faradised. The curves of blood-pressure rise did not add 
up to higher level, Dus ourvo of rise and fall and-riee wae: prodtced, just 


4 


78 — * 8 
Aw 
* fe * 1 
* 
8 4 
E Ax 1 
= 4 
— 
7 
1 
4 v 
u 
* * 
3 
— 
oh 
— 
* 
2 
* 
4755 
wa 
= 
ost 1 
Se 
Ay 
4 
2 
* 
— 
ey 
“a 
. 
2 ; 
od 
E. 
8 
ge 
od 
4 15 
* 
OW ake 
4 
fee N. 


2 
* 


NERVE CONTROL.OF SUPRARENALS. 403 


The success of these experiments depends upon the condition of the 
animal. Section of the vagi:makes no difference to the result. In cats 


‘that have been admitted: to the laboratory overnight and are still 


alarmed by their strange surroundings, a condition in which the 
suprarenals are always found to be somewhat exhausted of adrenalin 
(cf. p. 379), excitation of the splanchnics rarely produces a secondary 


fall in the blood-pressure: indeed, then, the pressure curve more often 


shows a slight secondary rise at the moment when adrenalin should be 


Fig. 9. Etherised cat. Upper ourve, stimulation of both out splanchnics within thorax : 


bl.-pr. 70-120-96-180, Suprarenals then 
lated: lower curve, 50-92 upheld. 


Fig. 10. From sale as ee After excision of the suprarenals, the splanchnics 
were again stimulated and adrenalin was at the same time injected into the jugular 
wein. 


ome the circulation. Best results are obtained with animals that 


purr when stroked, and generally manifest a sense of bien ére. In 
such (ef. Exp. 59), a clear drop is always seen with splanchnic 
stimulation, and is often caused too by the simple injection of a minute 
quantity of adrenalin itself, when the pressure is standing fairly high. 
From a very low pressure, as in a pithed animal, the splanchnics cause 
no drop at all but simply a big rise (of Fig. 8). Therefore, that the 
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comparison may: be just; the ‘blood-pressure after removal of the 
- guprarenals should be at much the same level as it was before. The 
fairest way to show the contrast is by removing the gland on one side 


alone, and so comparing the blood-pressure curve from the glandless 
splanchnic with that from the intact nerve when both are — on 


the viscera under conditions that are precisely alike for 
Large cat, in good condition; in stock 6 days. 


1,10, 
1.15. 


In each case, whether injected artificially into the jugular vein, or 
liberated from the glands by the abnormal and artificial excitation of 


respiration. 


curve of rise and fall and rise. 


Excise left suprarenal extraperitoneally by lumber incision. 
. Stim. right spl.; bl.-pr. 106-150-104-140. 
. Stim. left (glandless) spl. : bi.-pr. 90-180, upheld. 

. Stim. left, 900-180-124. 


Stim. right, 90~-122-88-124. 

Inject -006 mgm, adrenalin into jugular vein, 50-100 74. 
Repeat left and right spl. stim. with same contrasted results. 
Cut and stim. left cardiac accelerators; only slight rise of bl.-pr. 


. Cannula placed in central end of ligatured left subclavian artery, 0 a8 to inject 
solution into aorta beyond the arch and the heart. oo 


bl.-pr. 7688-64-94. 
Stim. right apl.: bl.-pr. 90152-11180. 
Stim. left spl.: 90-182, upheld. 
Stim. of stimulus inject -005 mgm. 
adrenalin into subslavian artery: bl.-pr. 90-106-92-110. (Cf. Fig. 12.) 


Open abdomen laterally, so as to avoid exposure of viscera, dissect out entire 


mass of postganglionic mesenteric nerves to stomach and intestines, and 
stim : pure rise 84-140. 
Cut mesenteric nerves, and stim. peripherally: pure rise 70-96, and upheld. 
Stim. mesenteric 
bl.-pr. 70-100-74, 


all the splanchnic fibres simultaneously, the adrenalin passes through 


lungs and heart before it reaches the intestinal blood vessels. That 
partly explains the long latent period of 8 to 12 seconds before the 
adrenalin effect becomes manifest. But the fall is not due to altered 
action of the heart, for it is equally seen when adrenalin is injected 
into the aorta beyond the heart. It is apparently caused by the action 
of adrenalin on the very muscles which are at that moment —s 
in response to the splanchnic nervous impulses, 

Dale's“ analysis with ergotoxine added weight to the e that 
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NERVE CONTROL OF SUPRARENALS. 406 


the secondary fall indicates a stimulation of vaso-dilator fibres coin- 
cidently with, and at last prepotently over, the vaso-constrictors. That 
may be so, or not. For the present argument it is enough to recognise 
that this well-known drop in the curve, when the splanchnics are 
stimulated, is caused by the discharge into the blood of suprarenal 
secretion. How the drop is caused, whether it be a matter of vaso- 
motor balance, or the signal of a more subtle play between adrenalin 
am nervous excitation, that is a question lying beyond. 


Fig. 11. From Exp. (80). Etherised cat. Both splanchnies cut within thorax. Left 


suprarenal excised. Upper curve, stim.gleft (glandless) splanchnic : bl, -pr. 90-130- 
124. Lower curve, stim, right splanchnic : bl.-pr. 90-122-88-124. Time marked in 
seconds. 


“Fig. 12. From Exp. (69). (A) Stim. Hight spl. (B) Stim. len 


(glandless) splanchnic, 90-132. (C) Stim. left splanchnic, and inject 005 mgm. 
adrenalin into subclavian artery; bl.- pr. 90-106-92-110. 


Various explanations might serve for the anomaly that prolonged 


electrical excitation of the splanchnics fails to cause exhaustion of 


residual adrenalin to anything like the same degree which is attained 
in the reflexes from the central nervous system. 
The glandular nerves certainly do react to the artificial stimulus of 


faradisation, but it may be that they soon become irresponsive. Or the 


nerves stimulated may be only excretory, and so fail of action when no 
more material lies within their immediate grasp, whereas in the nervous 
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406 
reflexes the whole machinery is aged to feed the excreting nerves, Or 


again, it may be urged that the nerves contain anabolic as well as 


excretory fibres, and that both are excited together when the trunk 
is directly faradised. Opposed to the last view are the following 
considerations : 

(a) Days after section of the splanchnics on one side, no difference 


is found in the adrenalin content of the two glands, when the cat is 


resting quietly. Anabolism seems to proceed without central control, 
and both are fully loaded. The decentralised gland in all experiments 
was found to contain as much or more adrenalin than its fellow. 

(b) It is improbable that coarse faradisation should strike so even 
a balance in the excitation of anabolic side by side with excretory fibres, 
that but little difference should appear between the two glands, and 


that yet a great difference should be so readily manifested in every 


prolonged nervous reflex. 

(c) Stimulation of one splanchnic does not cause any difference 
between the cortical cells of the two glands. 

The question remains undecided.. Adrenalin does escape from the 
suprarenals into the blood stream, and that escape is controlled me the 


THE REFLEX NATURE OF THE SPLANCHNIC CONTROL. 
Electrical excitation of various afferent nerves will induce reflex 
exhaustion of residual adrenalin very rapidly, and that too though 
the reflex is high rise of blood- 
pressure. 
intervals for 4 hours. Blood- 
Right 47 gm.=-04 mgm. 
Left “45 gm. = 84 mgm. 
Such exhaustion developed sooner than would have been thes case 
with ether anesthesia alone. The reflex occurred at a level at least as 


high as the vaso-motor centre in the medulla oblongata, for it was never 


obtained when the spinal cord was transected at a plane above the = 
of the splanchnic efferent nerves’, | | 


a, This failure of the suprarenal reflex agrees e observation of e 


Journal, xxxvm. p. 880. 1909. 
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41661) Ether. Spinal cord transected at the first thoracic segment. . Left splanchnies 
ont within thorax. Sciatic and other afferent nerves stimulated in succession 
. for 1 hour. Good reflexes of the body muscles : blood-pressure only 40 mm. 
and practically no rise with reflexes. 
Right 17 gm.=*19 mgm. 
Left 18 gm.=*19 mgm. 11 
(62) Decapitated, and cord severed at second cervical. 6 
thorax. 
but blood-pressure rose only 20 mm. 
Right 20 gm. 15 mgm. _ 
Left gm. 12 mgm. 


section of the spinal cord at the first thoracic segment prevented the 
usual exhaustion by the splanchnic nerves. The experiments with 
8-4 prove that low blood-pressure in itself does not check the nervous 
— 

The level of the mechanism controlling the suprarenals, at which : 
this afferent reflex occurs, is not higher than the corpora quadrigemina. 


(68) ‘ther Skull trephined, and cerebral hemispheres removed entirely after tran- 
section just above the anterior corpora quadrigemina. Ether then stopped: 
left splanchnics cut within thorax. Spontaneous respiration, and lively 
refleres. Blood-pressure 150. For next 2 hours the central ends of the 
s seiatic and other afferent nerves were faradised, eo as to produce strong 
skeletal musole reflexes, and blood-pressure rise of 60 or 70 mm. each time. 
Right -27 gm. O1 mgm. 
Left 26 gm. 15 mgm. VVV 3 
— 
T hour dissection of the brain, and then exhaustion of the right gland was 
ans ee reflex stimulation after the left nerves had 
been out, 


the reflex of the is with 
the nervous machinery in the neighbourhood of the vaso-motor centre 
which governs other sympathetic emotional musculature. 
| Hemorrhage. A few experiments were made upon the immediate 
effects of copious hemorrhage, to see whether under such conditions an 
increased drain upon the suprarenals would be associated with the 
vaso- motor reflexes. When an etherised cat is bled 30 e. c. or more, the 
blood-pressure falls abruptly: in a few minutes it is picked up again by 
a a strong vaso-constrictor action. Repetition of the hemorrhage reduces 
the blood-pressure to a low level, and the animal’s brain becomes 
very torpid so that hardly any anmgthetic is needed to maintain com- 
plete quietude. The bodily reflexes are lessened, but, of course, not 
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extinguished; and the same holds true for the vaso-motor reflexes. 
‘Exhaustion of residual adrenalin was evidenced in the usual way by 
section of the splanchnics; but it did not appear to be much greater 
than would be caused under ether * the ordinary conditions 


A broad review of the facts put forward in this paper sees their 
agreement with those of other workers in proving that there is a very 
sensitive and prompt control by the nerves of adrenalin excretion from 
the suprarenal glands. Adrenalin has justly been included in the 

catalogue of the hormones, but, in default of fuller knowledge, such 
classification rather tended to suggest that its secretion and consumption 
would proceed steadily and inevitably as one of the chemical adjustments 
of the body that are transacted automatically below the level of nervous 
control. This idea was not explicitly laid down in Starling’s general 
view of the hormones, and it is most emphatically not true in respect of 
adrenalin. The vertebrate animal controls a widely distributed field 
of plain muscle directly through the sympathetic efferent nerves. In- 
timately connected with these efferent nerves are the paraganglion cells 
of the suprarenal, secreting the hormone, adrenalin, which can evoke 
a response from the peripheral muscles identical with that to the 
nervous impulse, In the various reflex actions of the vaso-motor centre 
the gland cells also are involved. The efferent path from the bulbar 
centre to the muscles is twofold—directly by nervous impulses to the 
muscles, and indirectly by nervous impulses to the suprarenals, whence 
the chemical messenger, adrenalin, is despatched to the same muscles 
almost contemporaneously with the nervous impulses. The nature of 
this double action has never yet been analysed, though it may contain 
the essential secret of nervous activity. Very suggestive are two 
features of the interaction; firstly, that the response of a muscle to 
adrenalin is quickest’ when the muscle is one that is being incessantly 
played on by the direct nervous reflexes of daily life’; and secondly, that 11 
removal of the suprarenals leads to atony and nervous paralysis in those a 


muscles which have actually been made use of in nervous reflexes by 
the animal after loss of the glands*. It is my 5 
| 

Pree. Physiol, Soe. p. 20. 1904. 
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SUMMARY. : 
By measurement of the amount of adrenalin that can n be extracted 


from the suprarenal glands of the cat, it is proved that: 


(1) The suprarenal glands contain almost exactly equal amounts 
of adrenalin on each side. 


(2) The fright induced by morphia or 8-tetrahydronaphthylamine 
exhausts the residual adrenalin. 


(3) All ordinary conditions of anssthesia, with ether, or chloroform, 
or urethane, are attended by exhaustion of adrenalin. — 


(% Excitation of afferent nerves, such as the great sciatic, or direct 


injury to the brain, whether by simple pithing or by faradisation, also 


causes loss of adrenalin. 

(5) The centre controlling such loss i is close to the bender vaso-motor 
centres, 

(6) The efferent path is by the splanchnic sympathetic nerves, 
Their section prevents this exhaustion; and ether, chloroform, and 


other drugs, such as pilocarpine and Fee ins or even diphtheria 


toxin, appear to have no exhausting action directly on the suprarenals’. 
(7) Faradisation of the splanchnic nerves discharges adrenalin into 
the blood, causing a characteristic drop in the rising curve of blood- 


pressure, and such phenomena as paradoxical pupillo-dilation. 


From the variety of methods and the rapidity with which such 
adrenalin loss can be induced through the splanchnic nerves, it appears 
probable that the suprarenal glands are played upon by the splanchnic 
nerves in the emotional and vaso-motor reflexes with almost as delicate 
and everchanging an adjustment as are the muscles of the peripheral 
tissues connected with the sympathetic nerves. ? 

„ 
decentralised gland suffices to keep the animal alive. If in a cat the suprarenal on one 


side be removed, c 
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ON THE USE OF THE DECAPITATED DUCK IN 
PHYSIOLOGICAL INVESTIGATIONS. Br D. NOEL 
PATON. | 


(From the Physiological Laboratory of the University of 


In the course of a series of experiments upon pituitrin I have found 

that the decapitated duck is an animal well suited to experimental 
work on the circulation and that it has certain advantages over the cat 
decapitated in the manner described by Sherrington. One advantage 
is the great length of neck which leaves ample room for the necessary 
dissections while another is the ease with which cardiographic records 
of the ventricular contractions may be taken. 

Method. The duck is anmsthetised with ether. ‘Tracheotomy is 
performed and the attachments for artificial respiration got ready. 
A pump may be used or a stream of air or oxygen sent down the 

trachea, the air escaping through the abdominal air sacs, which in this 
case should be at once opened. A strong ligature is placed behind the 
cesophagus near the top of the neck and brought forward 80 as to 
include all the soft structures and the trachea and it is tied tightly. 
The skin is snipped through round the back of the neck behind the 
head and is pulled upwards and downwards until the vertebral column 
is exposed. A piece of thick copper wire is placed round the vertebral 
column on the third or fourth vertebra and tightened first by twisting | 
with the hand and subsequently with pincers, Artificial respiration is 
now started and the head is snipped off with large scissors or bone 
forceps, If the wire has been properly applied there will be little 
hemorrhage. If there is spurting from the vertebrals it should be 
controlled by the finger and the arteries in their bony canal plugged 
with sharpened wooden matches. The neck should be attached by the 
end of the wire to the upright of oe peel 
fixed to it. 
In 1911 C. C. Guthrie published i in Zeitsch. J. biol. Technik 1. 
Methodsk, Bd u. No. 3, a description of a somewhat similar method for 
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_DECAPITA TED DUCK. 411 
propating birds for studying the effect of excision ofthe ‘higher 
centres. 
The right jugular vein should be used for injection as it is con- 
siderably larger than the left. The blood-pressure may be taken from 
one of the carotid arteries which lie in the middle line in front of the 
vertebral column embedded in muscle. The blood-pressure, after de- 
capitation, is usually about 50 mm. Hg. 
Preparation of the heart. A transverse incision is made through the 
skin and abdominal Parietes along the lower margin of the kternum and 
a longitudinal incision of about two inches in extent is made upwards 
along the keel of the sternum. The pectoral muscles are cut close to 
the keel and to the posterior edge of the sternum and are separated 
from their attachments to the sternum with the handle of the, scalpel. 
The lower part of the sternum is thus exposed. With strong scissors 
a vertival incision is carried up on each side through the sternal 
membranes. The keel and the rest of the sternum are cut across about 
14 inches from the lower margin and the lower part of the sternum is 
removed, The apex of the heart in the pericardium now becomes 
visible. The pericardium is slit open and a bent pin with a thin wire 
attached is inserted into the apex of the ventricles and the wire passed 
through a piece of glass tubing of 1 cm. diameter and about 6 em. 
length. Round this the skin is gathered and clamped so that the wire 
plays freely in and is guarded by the tube. The end of the wire is 
bent and hooked into a loop at the end of the thread attached to the 
heart lever and the tension of the thread and wire adjusted by moving 
the duck holder. The cardiac lever is best made by carrying the 
thread over a small wheel and round a groove on the edge of an 
aluminium wheel of 5 em. diameter pivoted on a horizontal axis and 
attaching it to an ordinary frog heart lever. The tension of the thread 
and of the spring are then adjusted to give the best range of move- 
ment and the record is 
If it is desired to study auricular as well as ventricular contractions 

it is easy to carry upwards the vertical incision on one side of the keel 
of the sternum, to separate the muscles, to snip through the clavicles in 
the middle line and then, inserting the finger under the sternum so as 
to raise it off the heart, with strong scissors and bone forceps to split 
the sternum right up to the top and to pull the two halves apart, thus 
completely exposing the heart. The pericardium may now be opened 
and the hook inserted in the apex. Another thread is attached to a 
pair of fine clamp forceps with which the right auricle is grasped. 
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412 D. N PATON. 


“his thread is carried over small wheel upon a vertical stand above 


the heart and passes to its heart lever. To abolish the ventricular 
element on the auricular trace it is best to place the guiding wheel 
behind the heart so that the auricle is pulled backwards in the direction 
of ventricular traction. 

00 prepare the gut for oncometer observations. This is most easily 
done when records of the heart are not being taken. The abdomen is 
opened by a longitudinal incision in the middle line and the air sacs 
are ruptured with the fingers and the gut is drawn out. The duodenum 


with the pancreas is replaced. The next loops of intestine may 


generally be separated from the former and from the lower portion to 


which the coscal appendages are attached. These middle loops have an 


independent mesentery and vessels. Double ligatures are applied to the 
upper and lower ends and the gut cut between these and the detached 
part placed in a suitable chamber made of two shells of gutta percha of 


about 8 cms, length, 6 cms. breadth, 4 cms. depth with broad edges 


well covered with lard, the mesentery in its groove being thoroughly 
sealed with vaseline in the usual way. The chamber is connected with 
a glass tube of about 100 cm. in length and about 2 mm. in diameter 
resting horizontally on a millimetre scale and containing one or two 
beads of water. The initial expansion of the air causes at first a rapid 


movement of these beads which after a time slows and, by. tilting — 


upwards the free end of the tube, is finally arrested. The extent of 


dilatation or of constriction of the vessels of the loop is indicated by 


the extent of movement of the bead per half minute. 

On such a preparation the influence of the vagus upon blood- 
pressure and upon the auricular and ventricular contraction may be 
studied. To produce any effect upon the ventricles powerful stimulation 


of the vagus is usually required. The influence of adrenalin pituitrin 


and of drugs acting upon the circulation may also be demonstrated. 
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THE ACTIONS OF PITUITRIN, ADRENALIN. AND 
_ BARIUM ON THE CIRCULATION OF. THE BIRD. 
By D. NOEL PATON AND ALEXANDER WATSON. 


(From the Physiological Laboratory of the University of Glasgow.) 


WHILE the action of the internal secretion of the posterior lobe of 
the pituitary as represented by extracts of that structure has been 
extensively studied in mammals and while some work has also been done 
on its action in the frog’, so far as we are aware no observations have 
been recorded upon birds. The differences in the action of certain 
substances upon the arterioles in different animals“ suggest the possibility 
that pituitrin may not act in the bird as it does in mammals, The 
peculiar results obtained by us with pituitrin have led us also to study 
the action of adrenalin and the interaction between these substances. 

Methods. The blood-pressure was determined from the carotid 
artery, using either an ordinary mercurial manometer with a float or a 
mercury manometer with an electric attachment described elsewhere’. 
The ventricular contractions were recorded by a frog heart lever to 
which a thread, attached by a bent pin to the apex of the heart, was 
attached. The down stroke indicates systole, The condition of the 
arterioles was determined by ligaturing off a length of gut and placing 
it in an ordinary air oncometer, the expansion and contraction of the 
vessels being indicated by the movement of a bead of water in a glass 
tube of 100 cm. length and 2 mm. diameter placed upon a millimetre 
scale“ Injections were made into the right jugular vein. | 
I ybe pituitrin and the adrenalin chloride, 1 in 1000 of Messrs Parke 

Davis & Co., and the pituitary (infundibular) extract of Messrs 9 
8 & Co. were used throughout. 


1 Herring. This Journal, xxxt. p. 429. 1904. 
2 Dale and Laidlaw. Ibid. xu. p. 188. 1911. 
3 Quart. Journ. of Exp. Physiol. v. 1912. 

This Journal, Iv. p. 410. 1912. 
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Each d. of the pituitary preparations is supposed to be equivalent | 
to 02 gram of the posterior lobe of the moist gland preserved with 
chloretone. Our thanks are due to these two firms, and more especially 
to the former, for a large supply of these extracts. We have not used 
extracts of the pituitary of the bird, since the investigations of Herring’ 
have shown that the posterior lobe of the bird acts like that of other 
animals, 

Dessription of Figures. All the tracings are reduced to } the original size. Unless 
otherwise described, the upper trace represents ventricular contraction, the downstroke — 
being systole, and the lower trace the arterial blood-pressure, The abscissa is 4 cms. 

below the base line except in Figs. 10-18. Time is recorded in seconds. 


Piüuitrin. The intra venous injection of pituitrin, in doses of from 
0 ˙5 cem. to 10 cm., with vagi intact or with vagi cut, generally. causes 
an immediate and marked fall of the arterial pressure. (Fig. 1 and 
Table I.) This occurs whether it be injected quickly in strong solutions 


of pituitrin. .Vagi intact. 


or more slowly in dilute solution® (Fig, 2). The injection of the same 
dose per unit of body weight, administered in the same manner, was 
found to give the usual rise of pressure in the mammal (rabbit and cat). 

The fall occurs both after and before the injection of atropine in 
doses sufficient to paralyse the cardiac inhibitory mechanism (Fig. 3). 
After atropine, the fall is more sustained because the ventricular systole 
Quart. Journ. of Exp. Physiol. 1. p. 262. 1908. 7 
Ct. Miller and Miller. This Journal, Man. p. 245. 1911. 
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is not augmented (see p. 422). Sometimes the fall of pressure is 


Ventricle 
— 
Vagi intact ems. B per sea. Spersec. . ome. 3-9 cms. 
66 6 6 18 2°5 
86 52 8 7 2˙4 
78 80 03 0 
170 11°4 4 5 1:2 4-0 
126 100 21 
9°6 72, 7 29 48 
77 4 4 066 
4 16 27 
Vagi cut 6°6 £8 me 9 0-4 0˙4 
80 58 — 85 2°5 30 
10-5 9 8 0-4 0°5: 
96 72 7 29 48 
After atropine 100 6°5 9 6 11 12 
6-0 88 6 6 0-7 
118 5˙1 7 7 


re 
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Fig. 2. Injection of 1 6.6. pituitrin diluted 5 times with 76 % NaCl. Note the initial 
reduction in the amplitude of ventricular contraction without any rise of arterial 
pressure, followed by the increase. Vagi cut. 


Generally a second dose produces almost as marked an effect as the 
first, but after repeated doses the fall of pressure is not seen and on 


several occasions a rise was observed. In one of these, oncometric 
observations showed that no constriction ef the arterioles had occurred. 
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18 mg. atropine. 


. 8. Injection of pituitrin after paralysis of vagi by 0- 


Initial rise of blood-pressure, Here, as m 


pituitrin. 


Fig. 2, there is an initial decrease of ventricular contractions. 


Fig. 4. Injection of 1 6.0. 


of ventricular ‘contraction 


* 


Increased amplitude of 


nalen. 


6.6. 
‘without a 


of 7 


‘Fig. Injection 
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Sometimes the fall of pressure is not marked (Fig. 5); in these cases the 
increase in ventricular contraction is marked and is probably sufficient: 
to counteract the effects of arteriole dilatation. — 

The oncometer readings show that pituitrin causes a marked dilata- 
tion of the abdominal blood vessels, thus N ” = fall in 
arterial (Fig. 


Fig. 6. Oncometer record of loop of gut. Vertical lines above the horizontal line 


: indicate outward movement of bead of water, i.e. expansion of vessels. Vertical 


lines below the horizontal, inward movement, i.c. constriction of vessels. Range of 
movement in cm. Time in 4 minutes. Pituitrin - 1 0.0. Adrenalin, Ist, 2nd and 


Adrenalin in the bird acts in directly the opposite direction to 
pituitrin, causing the usual rise of arterial blood-pressure (Fig. 7 and 
Table II) and the usual constriction of the * visceral — 
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be two substances are directly antagonistic, pituitrin causing an 


ienipeidinte fall of pressure during the adrenalin elevation and a dilata- 


tion of the peripheral vessels constricted by adrenalin, and — 2 


oe the pituitrin effect (Fig. 8). 


Fig. 7. Effect of 06 6.0. of 1 in 1000 of adrenalin chloride (old and weak solution). 
The 


i fi 

1 oH 1 11 t- 

1 i 4 H i 4 4 1 


and on the ventricular contraction - ---—. The former is the actual pressure in em.; 


the latter is magnified ten times. Adrenalin=1c.c. of 01 p.c. Pituitrin=0°7 e. o. 
Intervals of time in 4 minutes. — : 


This antagonistic action of adrenalin to pituitrin 11 


as was pointed out by Dale’, pituitrin appears to act directly upon the 
muscle fibres. He found that, when given after ergotoxin in the 
mammal, it acta like barium in causing a constriction of the vessels and 


not like adrenalin in causing a dilatation. In the duck it acts as an 
8 The rise of arterial pressure produced by the 
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intravenous injection of 1 Cc. of a 1 p. barium chloride solution is at 
once cut down by the subsequent injection of pituitrin (Table III and 
Fig. 9), and the constriction of the peripheral vessels — by — 
is removed, at least by pituitrin (Fig. 90. 


ess 


Fig. 9. Me. Roduotion ofthe dilatation of the 
Amer pituitrin by the administration of BaCl,. 


The 3 of pituitrin and barium salts would seem to confirm 
Dale’s contention that the action of the former is upon muscle fibres 
beyond the neuro-muscular junction, but on the other hand the way in 

which adrenalin antagonises pituitrin, would rather point to the action 

being upon these terminations. In all probability this is an example of 
the difficulty of drawing conclusions from the antagonism of as a 


Ban 
So far we have found no obecrvations onthe action ot pituitrin 


on the avian heart. 
Elliot? describes the effect of adrenalin in the excised heart of the 


chelonian as causing increased contraction of the auricles, but not of the 
isolated ventricles, and he states that the entire heart of the _ is 


1 Erged. d. Physiol. 1908, P. 58. 
9 This Journal, xxxm. p. 409. 1904-5. 
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Betors injection of 


20 
40 9? 
Pituitrin injected. 
10 secs. after injection of Pituitrin 
20 39 
40 ” 27 ” 
Heart, 
Beats before injection of BaCl, . 
„ 10 secs. after injection of BaCl, 
30 ” ” 


” 80 ” ” ” é 
” 40 * 99 32 
Amplitude before injection of Bal, 
„ W sees. after injection of BaCl, 
40 ” ” 
Pituitein injected. 
Amplitnde 10 es. fir injcton ot 
4 „* 


x 


69 


100 
106 


67 


67 


67 


1°38 
13 
09 


most vehemently excited when adrenalin is added to the ae fluid, 
but that, when the ventricles are then cut away from the auricles, they 
continue to beat, and the further addition of adrenalin causes excitation 
of the auricles but no excitation of the ventricles. 
Pituitrin. We find that the intravenous injection of en in 
doses of 0°5 to 10 com., with vagi intact and with vagi out, generally 
has no effect upon the rate of the ventricular contractions, but markedly 
increases the amplitude of contraction (Figs. 1 and 10 and Table I), 
whereas in the completely atropinised heart it produces no manifest 
effect (Fig. 3). The heart must be very completely atropinised for the 
effect of pituitrin to be completely abolished. Fig. 11 shows that 
even when only a very slight inhibition can be produced by vagal 
stimulation, pituitrin still causes an increase in the extent of ventricular 
contraction. That the increase in the extent of cardiac contraction is 
not simply a result of the fall in the arterial pressure is shown by the 
fact that it occurs even in cases where there is no fall in the arterial 
pressure (Fig. 5). Fig. 4, which is from one of the rare cases in which 
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an initial rise of pressure occurred, might seem to indicate that a 
decrease in the amplitude of ventricular contraction is caused by this 
rise of pressure, but Fig. 2 shows that the initial decrease of ventricular 
contraction may occur without any rise of arterial pressure. Pituitrin 
has thus a direct excitor effect upon the heart. Since it acts upon the 
ventricles it may be concluded that its action is upon the muscle and 


Fig. 10. Effect of 0-7 0.0. pituitrin on the auricle and ventricle. The auricular 
f tracing is not purely auricular, but in part ventricular. 
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ventricle. Strong stimulation of the vagus causes a slight slowing. 
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not upon this augmentor mechanism, since, as will be shown in a future 

paper; the augmentor nerves have no influence on the ventricles, The 
failure of pituitrin to alter the action of the heart, after the administra- 
tion of doses of atropine sufficient to poison the inhibitory mechanism, 
may best be explained on the view that such a dose of atropine is 
also sufficient: to exercise 4 partial paralysing effect upon the heart 
muscle. That this is the probable explanation seems to be indicated 
by the decrease in the extent of ventricular contraction which follows 
the administration of such a dose of atropine. This is not shown in 
the auricles. 

Adrenalin. After the intravenous administration of 1 in 
doses of 05 C0. to 1 cc, of a 1 p.c. solution, the rise of blood-pressure is 
always accompanied by a decrease in the extent of ventricular contraction, 
while the auricular contraction is much leas markedly decreased (Fig. 12). 


Fig. Effect of adrenalin 0°7 d.. of a “pe. on She and 
The auricular trace is pure. 


The best demonstration of the striking difference in 1 
of the heart after pituitrin and adrenalin respectively is got by inspection. 
The former causes an enormous ee | 
vb 


Extent of contraction in mm.; 
Ventricle Aurkle 
Before adrenalin . . 14 
80 sees, after 1 0.6. of 1 in 10 adrenalin .. ROE 10 9 


the ventricles and the decreased extent of systole. That increase of 
arterial pressure readily produces such decrease in ventricular con- 
traction may be shown by clamping the innominate arteries 
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Extent of contraction in mm. : a ae 
Ventricle Auricle 


15 9 
Immediately after removal of first clamp... 25 
„ second clamp 38 


A similar effect with adrenalin is sometimes got in the mammalian 
heart towards the end of prolonged experiments. In a kitten, which 
had had repeated. doses of adrenalin, the rise of pressure towards the 
end of the experiment was accompanied by a marked decrease in vad 
amplitude of ventricular contraction. : 

The decreased contraction caused by adrenalin in the bird is 
removed by the administration of — : 


Extent of contraction in mm.: 
Ventricle 
Before adrenalin ... 40 14 
After 1 10 13 


Effect of BaCl, (0-5 c.c. of 1 p. o. solution) on the suricle and ventricle, 
and the antagonistic action of 1 0.0. pituitrin. 


This antagonistic action is apparent rather than real. Pituitrin does 
stimulate the muscle fibres of the heart, but it also relieves the 
arterial blood-pressure by dilating the peripheral vessels and thus allows 
of more full systole of the ventricles That it acts in this way is 
shown by the fact that in the atropinised heart pituitrin antagonises 
the adrenalin effect, although it does not directly stimulate the heart 
musele, 

Barium chloride in doses of 0'1 gm, acts much in the same way as 
adrenalin. Instead of increasing the extent of ventricular contraction, 
as in the mammal, it brings about a steady decrease in the systole of 

auricles and ventricles as the 1 88 rises, and this effect is 
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42⁴ D. N. PATON AND A. WATSON, 
removed by the administration of pituitrin through the dilatation 1 the 
peripheral vessels (Fig. 13). 5 

The same effect may be produced after the administration of Ba, | 
by bleeding the duck. In one experiment the extent of ventricular 
contraction after BaCl, was 9 mm. and, after bleeding from a carotid, it 
increased to 22 mm. 

The different response of the mammalian heart to barium is shown 
by the result that in an atropinised kitten, after 1 c. of 1 in 10 BaCl,, 
the amplitude of ventricular contractions, as recorded by the lever, was 
| 


1. Extracts of the posterior lobe of the pituitary a 3 of 
Parke Davis & Co.) and the infundibular extract of Burroughs, Wellcome 
& Co., cause a marked fall of the arterial blood-pressure in the duck, 
due to a dilatation of the peripheral arterioles. The extent of the fall 
is modified by the response of the ventricles to the pituitrin. 

2. This dilatation may — by adrenalin and by barium ‘ 
chloride. 

3. Pituitrin exercises a powerful stimulating effect upon ht 
the auricles and ventricles of the avian. heart pan with vagi intact 
and with vagi out. 

4. This action is not manifested after the dination of atropine : 
in doses sufficient to paralysé the inhibitory mechanism. : 

5. Adrenalin does not cause the increased amplitude of on 
in the avian heart which it causes in the mammalian heart. This . 
appears to be due to the absence of any augmentor response. : 

6. Pituitrin and adrenalin have an antagonistic action on ‘the 
avian heart. 

7. The antagonism of pituitrin to adrenalin on the avian heart is 
in part due to the dilatation of peripheral vessels by which the decrease 
in the amplitude of cardiac contractions is removed. It is at least in 
part an indirect, not a direct, antagonism as in the case of the arterioles. 

8. The antagonism of pituitrin to barium chloride is of the same 


In a future paper the results of observations upon the action of the 
extrinsic nerves of the heart of the bird will be given. These throw 
some light upon the peculiar action of the substances e e in the 
present paper. 


The expenses of this and of the proveding investigation wore defrayed from a Grant 
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FEEDING EXPERIMENTS ILLUSTRATING THE 


IMPORTANCE OF ACCESSORY FACTORS IN 
NORMAL DIETARIES. By F. GOWLAND HOPKINS. 


(From the Physiological Laboratory, Cambridge.) 


Tun experiments described in this paper confirm the work of others in 
showing that animals cannot grow when fed upon so-called “synthetic ” 
dietaries consisting of mixtures of pure proteins, fats, carbohydrates, 
and salts, But they show further that a substance or substances present 
in normal foodstuffs (e.g. milk) can, when added to the dietary in 
astonishingly small amount, secure the utilization for growth of the 3 
protein and energy contained in such artificial mixtures. 

The particular experiments, of which an account is now to be given, 
were undertaken to put upon a more quantitative basis results which 


I obtained as far back as 1906-19071. Since that time, a fuller 


realization of the fact that (leaving on one side the influence of the 
inorganic constituents of dietaries) protein supply and energy supply 


do not alone secure normal nutrition, has arisen from the extremely 


interesting recent work upon the etiology of such diseases as beri-beri 


and seurvy*. It is not surprising that much work is now being done in 


connection with the subject; and since the experimental results given 
in this paper were obtained, the publications of others have covered 
part of the ground. In particular I may refer to the work of Stepp* 


upon mice, and to the extensive researches of Osborne and Mendel“ 


upon rats. But the observations now to be described differ in some 
important details from those of the authors quoted. They bring out in 


1 The results of experiments made at this time were summarised in Lectures delivered 
at Guys Hospital in June 1909. Owing to subsequent ill health these Lectures were never 


published. The reaulés given in the present paper were communicated to the Biochemical 


Club in October 1911. See also Analyst, XXXI. p. 395. 1906. 
* For references see Casimir Funk, This Journal, Liu. p. 895. 1911; eee 
of State Medicine, June, 1912; and Holst, Journ. of Hygiene, vu. p. 619. 1907. 
8 Stepp. Bioch. teck. XXII. p. 452. 1909; and Ztsch. Biol. v1. p. 135. 1911. 
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particular the marked influence of minute additions of normal food 


constituents in promoting the nutritive power of synthetic dietaries. 
Stepp approached the subject on the lines of an attempt to estimate 
the importance of lipoids in nutrition. He found that food mixtures 


after extraction with lipoid solvents could not maintain life in mice. 


The total material extracted by the solvents when added to the diet 
made the food efficient once more; but Stepp was unable to obtain 
this result by adding any known Lipoid. 


The earlier and greater part of the valuable and critical work of 7 


Osborne and Mendel was directed to the question as to whether life 
could be maintained upon a dietary containing a single individual 
protein instead of mixtures of proteins such as normal dietaries 
comprise. Their experiments led them to answer this question in the 
affirmative. Maintenance is possible so long as the protein stored is 
one not deficient in individual amino-acid groupings; but as was 
inevitable, their earlier experiments led these authors to realize the 


importance of factors other than protein and energy supply, and they 


found in particular that synthetic dietaries which were capable of 
maintaining the life of full-grown rats (at least in individual cases), 
were quite unable, no matter what the protein, to maintain the growth 


processes in young animals, Of this fact I have long been aware, and 


I have long known from my own observations that extremely small 
additions of tissue extracts, etc., were sufficient to induce growth, but 


until the present set of experiments were undertaken I had obtained 


no data as to how far the amount of food actually eaten intruded as 
a factor in the phenomenon. An accurate estimation of the amount of 


food eaten under the conditions of varied growth forms a special feature 


in the experiments now to be described. 


Osborne and Mendel in their later experiments show that the 


addition of milk products to the food promoted rapid growth in rats 
which had remained stationary in weight when on the original artificial 
dietary. The material added they term “protein free milk.” It was 
prepared by removing as far as possible, by precipitation and 
coagulation, the proteins from fat-free milk, the fluid being then 
evaporated at low temperature, and the residue ground to powder. 
This material was primarily used “to furnish the inorganic elements 


of the diet,” and was added to the artificial dietaries in com- 


paratively large amount (282 % of the total food mixture), in which 


it replaced part of the pure carbohydrate. In my experiments, while 


the artificial diet consisted of casein, fat, starch, sugar and inorganic 
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“salts, the eddendum consisted of milk itself; but this was given in such 


small quantity that the total solids contained in it amounted to no 
more than from 1 to 3 or 4°/, of the whole food eaten. This small 
addition induced normal growth upon dietaries which without it were 
incapable even of maintenance. A special feature of my experiments 
was the rigorous use of controls. In each and every experiment two 
sets of rats, chosen carefully so as to show correspondence in the 
weight, sex, and origin of the individuals contained in them, were fed 
side by side. The sole difference in treatment consisted in the 
administration of the minute ration of milk to one of the sets compared. 


In some experiments after the relative rates of growth had been 
compared for a week or two, the small milk ration was transferred to 


the set which had been previously fed without it. In all cases the 
influence of the milk upon growth was 80 large that it could not have 
been due to any alteration in the quality of the protein eaten or in its 


ratio, nor, in my own belief, to the presence of any known milk con- 
stituent. 


Methods. All my experiments were done on rats. The employ- 
ment of such small animals for metabolism experiments is sometimes 
looked upon with a disfavour which is only justified in certain cases. 
Small animals, while certainly unsuitable for one type of experiment, 
may be especially well suited for another. When for example data as 
to nitrogenous equilibrium are to be obtained, accuracy is perhaps 


difficult to secure in the case of rats. The rapidity of their metabolic 


processes may be undesirable in connection with certain other enquiries ;_ 


but this very character in their metabolism makes them especially 


suitable for other investigations, especially those concerned with 
growth. That many individuals can be dealt with at once, and the 
results of experiments treated statistically, is an especially valuable 
feature of work done with small animals. My experiments were all 
concerned with young rats at a stage when rapid growth is normal. 
Their initial weight was mostly from 35 to 50 grams, a stage when 
weight is normally doubled on an efficient dietary in 20 days or less. 
The animals, unless otherwise mentioned, were always fed two in a cage, 
bucks being paired with bucks, and does with does. When the amount 


of food eaten is to be determined, this grouping has the disadvantage 
that an average for the two animals must be accepted, but when food is 
given in excess of the quantity required this is not an important point, 

and any disadvantages are more than counterbalanced by the fact that 


quite young rats progress more normally when they have a companion 
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than when kept singly. Great attention was given to the maintenance — 
of a uniform temperature in the laboratory, this being recorded by 
a registering thermometer. In particular, a constant temperature for 
day and night was carefully secured, The rats were kept in round wire 
cages somewhat similar to those used by Henriques and Hansen 
and by Mendel and Osborne, though shallower and of wider mesh. 
They stood in trays filled with sawdust, over which was a layer of filter 
paper. Rats tend to eat both sawdust and paper, so the cages were 
raised upon legs four inches high. : | 
Two basal diets were used, differing only in the protein they — 
contained. In the one the protein was Merck’s pure casein prepared 
by Hammersten’s method, in the other it was the commercial casein 
preparation known as “ Protene.” No “roughage” was provided. With 
rats it appears to be unnecessary, at any rate in experiments of such 
duration as mine. 
The composition of the dry food mixtures was the following: 


Pure casein mixture “Protene” mixture 
Protein 22 Pp.. 21˙8 p.c. 
Starch 42°0 „ 42˙0 „ 
Cane Sugar 210 „ „ 
Lard 12°4 „ 12°4 „ 
Bal 2°6 „ 83 „ 


consisted of equal parts of the ash of oats and dog-biscuits. The ) 
_ commercial casein contained 3°/, of ash, raising the amount of salts in | 
the mixture from 2°6°/, to 3-3 % The calculated energy value of the 
pure casein mixture is just over 5 calories per gram, and that of the 
protein mixture almost exactly 5 calories per gram. A series of 
estimations in the bomb calorimeter gave a mean value of 4°98 for both 
mixtures. In general, however, the energy values of the diet were 
directly determined in the mixtures as they were made up for feeding; 
the protein and starch not being previously dried. To save space in 
the protocols only the consumption in calories per 100 grams live weight 
is given. The figures in the protocols give the daily intake calculated 
from the food consumption of each short period (usually three days) 
between successive weighings of the rats. The average daily calorie 
value of this was divided by the mean weight of the animals during the 
period and multiplied by 100. The total amount eaten, and the protein 
eaten, can be calculated with close accuracy if 100 calories are reckoned 
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FACTORS IN DIET, 429 
to correspond with 20 grams solids in either mixtiire, and to 4°40 and 


426 grams of protein in the purer and less pure mixture respectively. 


In describing such experiments as those in this paper, it is 


important to give in detail the method of administering the food. The 


consumption of an artificial dietary may be a good deal affected by its 
physical condition when administered, especially when the animals are 
first put upon it. 

The protein, starch, and sugar and salts were mixed dry, sl tides 
rubbed in by hand, the mixture being worked up until of completely 
uniform composition, It was given to the animal in earthenware 
vessels, The day's ration for each pair of rats was weighed out dry, 
and given the desirable consistency in the following way. Half the 
ration was mixed with enough water to make it into a thin paste, and 
the remaining half of the dry material was then added little by little, 
and well stirred in with a glass rod. The final mixture thus obtained 
was of such a consistency and character that the rats ate it freely, and 
almost without any tendency to scatter the food. The amount of food 
given was always in excess of the consumption. Water was supplied in 
a special vessel, Before the day’s ration was administered to either set 


of rats, each individual of that set which was to receive milk was put 

into a separate cage, and the measured quantity of milk given as 
a separate ration. Only after this was consumed—and its consumption 
never occupied more than a few minutes—were the rats returned in 


pairs to the original cages, Both sets were then fed simultaneously 
with the artificial mixture. The composition of the milk was carefully 


determined from time to time, and the energy content of the solids 
was occasionally determined in the calorimeter. This scarcely varied 


from the value of 4°7 calories per gram. : 

It was found possible to determine the amount of food eaten with 
great accuracy. A very small quantity might fall through the bottom 
of the cage on to the filter paper beneath, but this could always be 
recovered quantitatively. Absolute accuracy was to be obtained by 


removing such spilled food at frequent intervals, so as to avoid any 


soakage with the urine. The amount spilled was never more than 
a minute fraction of the food eaten, or of that weighed back; and in 
practice no difficulty was found in dealing with it. At each day’s 
feeding, the food left over from the previous day was carefully removed 


from the vessel which contained it, the small quantity of spilled food 


added to it, and the whole dried at low temperature till of constant 
weight. This weight was deducted from the dry weight of the food 
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430 F. G. HOPKINS. . 

mixture as originally weighed out. During certain periods in each 
experiment, the fes were collected in order to determine the energy 
content, so that data as to the absorption of the food might be obtained. 
With the cages used by me this collection was easy. The greater part 
of the feces fell through the bottom of the cage on to the paper beneath, 
and as this lay upon sawdust, any urine passed was rapidly soaked up, 
so that very little contamination of the faces occurred.. No attempt to 
demarcate the fwces of the experimental period was made, but as they 
were collected for a week, and under precisely similar conditions in 


Fifty rats from the stocks which e een 
experiments, were fed upon bread and milk, and the periods observed 
during which the individuals doubled their weight. The growth curves 
of many of them were followed for longer periods; but for the purposes 
of this paper only the times occupied in the doubling of the initial 
weight need be given. All the animals were fed under identical 
conditions. The figures are, of course, not put forward as having any 
general statistical value. The observations were carried out merely in 
order to obtain some indication of the variability to be expected in rats 
from the sources used for other experiments, As will be found in the 
course of a later discussion, some especial importance is attached in 
this paper to the initial rate of growth of the experimental rats; hence 

a measure of normal variability at comparatively early periods during 
feeding was desired. In order to introduce a factor found in the main 
experiments,—a change of diet namely at the beginning of the 
observations—the rats used for the experiment under discussion were 
transferred from the ordinary stock diet of the laboratory (dog-biscuits 
and oats).to one of bread and milk. Half the animals used were bucks, 
and half does. The most striking result of the test was its demonstra- 
tion of a much greater regularity in the variation of the bucks. The 
initial weights of the animals fed, while mostly near to the average of 
50 grams, showed in certain cases a considerable departure from this 
(46 to 63 grams). Nevertheless, the periods of weight doubling in the 
case of bucks departed comparatively little from the mean value. The 
figures will be found in Protocol A. It will be seen that 5 animals had 
doubled their initial weight on the 13th, 9 upon the 14th, and 5 upon 
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the 16th day. Thue in the case of 19 rats out of 25, or 76°,, the 
completion of the weight doubling period occurred within these three 
consecutive days. Two other rats may be grouped with these, one 
completing ite period on the 11th, and one on the 16th day. Of the 
remainder two doubled their weight on the 20th, one on the 21st, and 
one on the 26th day. Over 80 % therefore showed periods near to and 
normally growped round the mean. 

On the other hand the does showed much greater irregularity. 
Eight animals, or 32°/,, grew at about the same rate as the bucks, 


completing their weight doubling between the 13th and the 16th days; 


6, or 24°/,, completed it round about the 20th day; another 5 required 
about 30 days; and the remaining 4 grew still more slowly; one 
animal, though showing no signs of ill health, had not doubled its 


weight by the 56th day. 


A longer comparison further brought wat the relative slowness in 
the growth of the females. Thus on the 52nd day of the experiment 
the mean weight of the bucks was their mean initial weight multiplied 


by 3:58. In the case of the does the corresponding factor was 2°63. 


I was unable to take advantage of the information thus obtained by 
wholly eliminating the more variable sex from my main experiments, 
a sufficiency of bucks not being always available. But in all the experi- 
ments, every effort was made to give each individual rat in one of the 
sets compared a representative in the ee ee to it in 
weight, sex and origin. 


* 


of rae v te alone with others 
taking a small addendum of milk. 


My earliest experiments were made with the commercial casein. 
mixture as the basal diet, neither the protein nor the starch contained 
in the food being extracted with alcohol. On this food rats always grow 
to some extent; but their growth is greatly accelerated by a minute 
addition of milk. Of such experiments only those in which complete 


estimation of the intake was made appear in this paper. Although 


less striking than experiments showing complete cessation of growth 
contrasted with a rate of growth which is normal, they have an interest 
of their own when the significance of relative intake is under discussion. 
Later I used Merck’s pure casein, and finally employed this in 
admixture with starch which had been thoroughly extracted with 
alcohol and with specially purified lard. On such a mixture growth 
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always ceased after a comparatively short period. Any commercial | 


preparation of casein if very. thoroughly extracted with alcohol may 
take the place of Merck’s casein, It will be more convenient to give 
first the results of these experiments with the purest dietaries. | 
Eup. I. (Fig. 1 and Protocols I and I (a),) In this experiment 


12 young rats were used ; all being females of smaller initial weight than 
the average of the animals in other ee - were upon the 


pure casein dietary alone, six 
received in addition 2 C. of milk 0 
each per diem. In the first half 
of the period the milk solids 
amounted to about 35 % of 
the whole food eaten, in * 
latter half to about 2°5 %,. 
curves of. Fig. 1 show St iam aver- 
age weight per rat of the two 
sets at corresponding periods. 
In this as in other curves the 
blackened circles denote the set 7 
receiving milk. If the protocol 
be consulted it will be seen that 
the behaviour of all the indi- 
vidual animals was almost pre- 
cisely the same. The set without 
milk grew slowly till the 13th 
day when growth ceased. By 
the 20th day loss of weight was 


five: end . the ex Yate alone. Upper curve six similar animals 


ceiving milk had doubled its average weight in grma. 
weight before the 20th day, 


showing a normal rate of growth. The question of food 8 ie 


discussed in a later section; but it may be pointed out here that from 
the 13th to the 20th day the set without milk was consuming some 


50 calories per 100 grins. live-weight per day: ample fer growth moder 


normal circumstances. 


En. II. (ig. 2; Protocol IL). This experiment is the: only one. | 
55 given in this paper in ‘which estimations of consumption were not . 


7% 
established, and a week later Fig. 1. Lower curve six rats on artificial diet 
ꝗꝶꝗ.?; 
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The 16 rats wind were all bucks, closely agreeing in initial weight, and 
each set of eight had an identical average weight. The basal diet was 


a pure casein mixture, all the food being thoroughly extracted with 


alcohol. One set took this alone, the other animals receiving 3 cc. of 
milk each per diem. On the 18th day the milk addendum was trans- 
ferred from the one set to the other. The striking effect of the milk 


upon growth is seen in the curves of Fig. 2. en en ee 


Fig, 2. ‘Lower curve (up to 18th day) eight male rats upon pure dietary; upper curve 


eight similar rate taking 8 c.c. of milk each a day. On the 18th day, marked by 
vertical dotted line, the milk was transferred from one set to the other. Average 
weight in grms. vertical; time in days horizontal. 


III. (Fig.8; Protocole IIT (a) and ILI (U) This 
was similar in plan to the last, and similar food was given. Six rats 


started on the basal diet alone, six received in addition 2 c.c. of milk each 


per day. On the 19th day the milk ration was transferred from one set 
to the other. In the first period the milk solids averaged 3:2 ½¼ of the 


food eaten; in the second period just under 4˙0 /. At the close of the 
first period, two of the rats without milk were moribund, and one of 


those from the milk set died suddenly, though apparently quite 
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44 G. HOPKINS. 
healthy. The second phase of the experiment was therefore carried 


out with four rate from each set. The average weight of these was 


somewhat higher than the average of the six in each set at the close of 
the first period, which accounts for the break in the curves of Fig. 3. 


A feature of this experiment was the proportionately large amount 
of food consumed by all the rats concerned. During the first period the 
animals without milk were eating as much as 60 calories per 100 grins. 


of live- weight at a time when their weight ceased to increase. This is 
much in excess of what is required for growth when the food is normal. 


- 


60 


— 


40 


0 50 


Fig. 8. Curves to the left of the vertical dotted line show average rate of growth of six 2 


rats upon the artificial dietary alone (lower curve) and of six receiving 2 0. c. of milk 


each per diem (upper curve)? On the 19th day the conditions were reversed. The 


second period (to right of dotted line) concerned, however, only four rats out of each 
set (vide text). 


IV. (Fig. 4; Protocols I N and TY (a)) Of 12 rats used for 
this experiment, 4 received the pure casein dietary alone. The other 
8 were given, for the first 10 days, 1 e.. of milk each per day, the milk 


solids amounting to only 1°5 ½ of the food eaten during this period. 


This small amount of milk was given to test the lower limits of its 


power to influence growth. As but little differentiation occurred, the 


milk was increased on the 10th day, four rats receiving 2 c and four 


f 


3 c. each per diem. In Fig. 4, the growth curves of three sets are 
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therefore given; the highest being that of the set receivi 

milk. I have little doubt experience 
dose of 1 c been continued after the 10th day, differentiation from the 
set without milk would have been plain enough later. The difference 
in the effect of 2 0.0. and 3 00. respectively is seen to be small. pe 


12 — 
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70 


Fig. 4, Lower curve average weights of four rats upon pure casein diet alone. Middle 
curve average of four rate receiving (from 10th day) 2.0. of milk each per diem; 
upper curve average of four receiving 8.0. milk. 


Aan F. (Fig. 5; Protocols V and J (a)) In this experiment the 
basal dietary was the protene mixture. The casein was extracted, but 
not completely extracted, with alcohol. Eight rats took this mixture alone, 

and eight received 3 c.c. of milk each per diem. On the 25th day the 


milk was transferred from one set to the other. By the end of the first 


Period, the rats with milk had increased from an initial total weight of 
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436 F. G. HOPKINS, 
331 grms, to one of 737 grma. gaining therefore 406 grins or 120 */, of 
their weight. In the same period those without milk rose from 319°6 
grms, to 480°7 grins. showing a gain of only 161 grms, or 50°/,. In the 
second period, the first set, now deprived of the milk ration, soon ceased — 
to grow, and afterwards lost weight. The effect of supplying milk to 
the other set did not produce so marked a contrast, partly because the 
acceleration of growth, which was in progress, was momentarily inter- 


100 


0 25 
Fig. 5. Eight rats in each set. Lower curve shows growth rate of set starting upon the 
“ protene” diet alone, The set giving upper curve took 8 ¢.c. of milk each rat per 
diem. On the 25th day the milk ration was transferred. The vertical dotted line, 


meant to mark the date of transference, was drawn in error at the 21st instead of the 


rupted shortly before the close of the experiment by some circumstance _ 
which I am unable to explain, but which was certainly accidental 
(vide Fig. 5). As a matter of fact the transference of the milk was 
made a little too soon in this experiment. If it had been delayed a few 
days, the set which was without milk in the first period would, beyond 
doubt, have ceased to grow, and the effect of the milk made more 
evident. Nevertheless, as inspection of the curves will show, the effect 
of the milk addendum and its withdrawal are striking enough. The 
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a Kap. Vi. (Fig. 6; Protocol VI.) In this, the basal food was the 
ca “protene” mixture, none of the constitaents being extracted with 
alcohol. Although acceleration 
of growth in the rats with #10 —— 
added milk was sufficiently well 
marked, the differentiation is 
less than in the experiments 
already described. This is in 
Pe. small part due to the fact that 
the groups compared (unlike 
ee those of any other experiment 
given) were not balanced in 
respect of sex. The six rats 
8 upon the basal diet alone were 
ae all bucks, while in each of the 
| two groups of six taking milk, 
there were two does. But the 
chief reason for the smaller 
difference in growth rate was 
lack of purity in the basal diet. 
oe Of the milk rats, one set took 
1 es of milk each a day, the 
5 other 5 cc. After 38 days of 
feeding, the ratios of initial 
ee weight to final weight were as 
follows :—Without milk 1:23; 
with the smaller amount of milk 205 70 
1:30; with the larger amount 
effect of doubling the milk ad- curve six 
ministration is seen to be small. 
In the curves of Fig. 6, only the a ee e a 
first 27 days are given out of 38 beyond the limits of the curves (vide 
to which the experiment ex- Protocol ig | 
tended. 
VIE, (Fig. 7; Protocol VIL) This differs from 
i the others in that the initial weights of the rats fed were higher, 
n averaging over 100 grms. It was also of longer duration, the animals 
ee being fed for nine weeks. The diet was the protene mixture, and 
3 none of the constituents were extracted with alcohol. Four rats were 
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upon the mixture alone, and four received with it 5 cc. of milk each 
per day. Four other animals received, instead of the milk, 0°1 grm. of 

an extract prepared from the expressed juice of mangolds. The 3 

observation involving the use of the latter belongs more properly to a 3 
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Fig. 7. Lower curve average weights of four rats upon. the “protene” 8 Middle 
curve, similar set taking in addition 0-1 grm. of a vegetable extract per rat per diem. 
Upper curve, similar set taking 5 c.c. of milk as daily addendum to the diet. 


‘research other than that described in this paper. In this. case, as in 
others in which the diet was not fully purified, there was continued 
slow growth without the milk addendum. The rats on the basal diet 
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alone appeared indeed in perfect health at the end of nine weeks, and 
gave no reason to doubt that with continued feeding they would 


ultimately have reached a normal maximum of body weight, though by 


so much slower a process than the normal. The growth acceleration 
induced by the milk addendum (the solids of which, taking the average 
of. the whole period, amounted to 42 / of the food eaten) was 
sufficiently marked. Starting at practically identical weight, the set 
without milk had on the 25th day gained just 10 % in weight, and those 


with milk 40 /. At the end of the 61 day period, the respective gains 


were 44 % and 93 %, | 
In the above experiments taken together, 42 rats upon the artificial 
dietary were compared with 52 taking similar food with a small 
addendum of milk. In every individual case in which the conditions 
were at all comparable, the rats taking the milk grew much faster than 
those without it, and the latter, if purity of diet was secured, always 
ceased to grow altogether after comparatively short periods. In the, as 


yet unsuccessful, endeavour to isolate individualised substances capable 


of producing a similar effect upon growth, I have fed altogether 
a great number of animals, and have seen the failure of artificial food 
mixtures to support growth in the case of dozens of rats not included in 
the protocols of this paper. To the question as to whether prolonged 
maintenance is possible upon synthetic dietaries, my experimental 
material does not supply a satisfactory answer. Most of the experi- 


ments have been of a comparative type, like those here described, not 


therefore calling for prolonged feeding. But when the protein 


- constituent, and any starch used, have been thoroughly extracted with 


alcohol, the fat being also purified, I have often found that feeding with 
an artificial mixture is followed by loss of weight after quite short 
periods. It is altogether remarkable how small a quantity of associated 
substances can affect the result. 

The milk consumed in the quantitative experiments which have 
been described, contributed generally some 4°/, to the solid matter 
eaten. It is clear that by far the greater part of the milk solids could 
play no part in bringing about the result. The minute addition of 
lactose to the other carbohydrates of the mixture can certainly exact no 


influence, and if the still more minute addition of lactalbumin to the 


casein of the basal diet were suspected, or any other effect upon the 
quality of the protein supply, it is easy to show that it is without 


significance. The vegetable extract producing the effect seen in 


Exp. VII was protein free, and I have got equal or greater acceleration 
PH, XLIVv. 29 
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— F. G. HOPKINS, 
of growth on giving protein-free alcoholic extracts of milk solids, and of 


yeast, in astonishingly small amounts. If some subtle addendum on 
the inorganic side be suspected, I may state that an ether extract of 
yeast (an ether-soluble fraction from the total alcohol extract) 


practically ash-free, when added in minute amount to the “pure” 
dietary emplayed in the above experiments, induced great acceleration 
of growth. There is some indication from my experiments that the 


optimum supply of the substances which induce growth is soon reached; 
but any attempt to ascertain the nature of their action by noting the 


relation between their concentration and their effects would call. for 


extensive experimentation which it would seem better to leave until 


definite substances have been isolated. 
Special experiments carried out to test the effect of boiling milk 
indicated that (at any rate if of brief e it 1 no om: . 


The small ration of milk had certainly no effect on the degree of 


| absorption from the gut. In several of the experiments, as already 


stated, the energy of the faces collected over a week was carefully 5 
compared with that of the food eaten in the same period. No different 
whatever in the actual absorption of the food was found to result from 


the addition of the milk. The period chosen was in all cases a critical 
one, in which the animals with milk were growing much more rapidly 
— those without. The following were the actual data obtained: 


TABLE A. | 


in food Calories in feces Percent absorption 

No. Period milk milk milk 
1 to % 15615 832 199 918 91˙6 
m 11th to.17th day 109 1144 36% 110% 08 


12810 (Rats 1009 96 918 928, 
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This question is one which involves ek points of diffoulty, In 
general, the rapidly growing rats certainly consumed more food (to an 
extent which will be presently discussed) than those which ‘failed to 
grow or than those which grew more slowly. It may therefore be 
suggested that the direct effect of the milk was upon appetite, and that 
the sequence of events when the milk was added to the synthetic 
dietary was the obvious one of improved appetite, greater consumption 
of protein and energy, and consequent increase of growth. It is well 
to point out, however, that the sequence may be the reverse of the 
above, and that the acceleration of growth may be the primary, and the 
increase of appetite a secondary effect. 

Appetite may, of course, be markedly affected by the palatability of 
a ration even in such animals as rats; though with them it is 
undoubtedly a much less important factor than with animals higher in 
the scale. But the question of palatability does not intervene in my 
experiments, which were all comparative. The minute ration of milk 
which so greatly promoted growth in one of the two sets of rats 
compared, was, as already stated, xiven separately in advance of each 
day's feeding, and after this had been consumed, the animals which had 
received: the milk were fed simultaneously with the —— 
‘received with them identical food. —- 
| In discussions: concerning the experimental feeding. of ee the ; 
effect of monotony of diet has béen given much weight as a factor 
leading to loss of appetite, and failure of maintenance of growth. 
Mendel and Osborne have now clearly shown that in the cage f 
rats, this factor has been much over estimated. It cannot, at any rate, 
affect my experimental comparisons, since monotony was as prominent 
in the diet of the milk-fed rats as in that of the control animals? 

In the case of those rats which continued to grow (whether 
receiving milk or not) the consumption of food was remarkably steady 
from day to day. The daily intake slowly increased in absolute amount 
(though, of course, diminishing relatively to the body- weight) and with 
slight irregularities continued to do so right to the end of an experi- 

ment. Whenever—as in the experiments upon especially pure 
dietaries—growth ultimately ceased, consumption fell; but as I shall 
point out immediately, usually not till after the cessation of growth 
was established. 

29—2 
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Careful e of the behaviour of the rats, even towards the 5 
end of an experiment, showed that, when first fed each day, the slow 


growing, or no longer growing set, attacked the food as eagerly as those 


growing fast. Whenever there was a difference in the amount eaten, it 
Was clearly because satiety was sooner reached by the former, and not from 
any original distaste’. 


It will, I think, be admitted that the conditions of the experiments 
described were such that if the small ration of milk affected appetite, it 


must have been in the special sense of an effect quite indirectly produced. | 
Its influence could not have been exerted upon the lines of i es 
the palatability or in diminishing the monotony of the diet. pages 


Schaumann also found that extracts of rice cortex and other 1 
stances which, when given to animals upon pathogenic dietaries prevent 


the onset of beri-beri, also greatly increased the amount of food 


consumed, although administered separately from the main ration. 
Little as we know in detail with regard to the factors (other than 
esthetic ones) which control appetite, it is physiologically axiomatic 


that the rate of metabolism and, in immature animals, the rate of growth 
are of fundamental importance in determining the amount of food that 


a healthy animal will in the long run voluntarily consume, What in this 


sense is a diminution of appetite determines the diminished relative 
consumption of food observed when a small animal grows larger; the 


proportionate rate of metabolism and the relative velocity of growth are 


both diminished in the larger animal, and the consequently lessened 
demands are, under natural conditions, followed by a smaller relative 


consumption. Again, while the young animal eats sufficient for growth 
as well as for maintenance, the adult is content with an intake sufficient 
for maintenance alone. It may be argued that the voluntary intake is 
directly affected by the presence or absence of the growth impulse 
(Wachstumstrieb) in the tissues; but it appears more likely to be the 
actual occurrence of the growth processes, the laying on of new tissue 
with its own metabolic demands, that affects the instinctive appetit. 

If then a factor or factors essential to growth be missing from, or 
deficient in, a dietary, the consequent arrest of, or diminution in, growth 
energy may diminish the instinctive consumption of food, while the 
: 1 "The display of abnormal anorexia on the part of individual rate was very rarely 


observed, and whatever its cause, it was as frequent in the milk-fed rats as in the others. 


_ 9 Only those perhaps who have had the’ experience of feeding animals with excess of 
food, and have noted the amount eaten for considerable periods, will realise how well 


needs, 
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supply of such factors may increase consumption a ani indirect result of 
a direct affect upon growth. 

But, such considerations apart, the question still arises: Was the 
excess of food eaten by the milk-fed rats proportionate to the great 
diffetence in the velocity of their . and that of the — fed on 
the artificial mixture alone? | 

In those experiments in which the completely purified ee 
was given, quantitative comparisons are not required in proof of the fact 
that an agent necessary for growth is absent from the artificial mixture. 
It will be seen on inspection of the figures that animals fed upon the 
fully extracted diet may be eating a quantity containing an ample supply 
both of protein and energy for the continuation of growth at a time 
when their growth has wholly ceased. It is true that after growth bas 
ceased, or when loss of weight has been established, appetite soon 
adjusts the intake to a smaller value; but the diminished consumption 
may be seen to follow and not precede ‘the cessation of growth, and must 
be, it would seem, the effect and not the cause of it. To make this time- 
relation clear it is necessary that the intake should be determined for 
successive short periods, but I have observed it repeatedly i in a large 
number of individual rats. 

In Exp. 1 the six rats fed without milk ceased to grow on the 10th | 
day. Yet at this period they were daily consuming food with an energy 
value of over 50 calories, and a protein content of 2:2 grins. per 100 grins. 
live-weight (Prot. I (a), Col. 5). This, as all my data show, is more than 
enough for continued growth in rats of similar size upon a normal diet. 
Again, in Exp 4, the consumption of the four animals without milk 

had similar values, yet they ceased to grow on the 2lst day. More 
striking still are the figures of Exp. 3. The six rats fed upon the 
artificial dietary. without milk grew very little, even from the first, 
though their energy consumption was high. They began to lose weight 
on the 9th day; yet on that day, and during the period which im- 
mediately followed it, they were consuming over 60 calories per 
100 grms. live-weight, and 2˙6 grins. of protein (Prot. III (6), Col. 3). 
These are high values, more than sufficient for rapid growth in rats of 
their size, when the food has normal characters. The figures given are 
average values, but if the protocols be consulted it will be seen that the 
facts fully hold for the individual rats. In the three experiments quoted 
there were in all sixteen rats upon the artificial dietary without milk. 
Of these, fifteen showed cessation of growth at a time when their 
energy and protein consumption were sufficient for normal development. 


N 
* 
* 14 
8 
1 
* 
| 
‘ 
a 
* 
a 
an 
3 
oy 
4 
} 


| G. HOPKINS. 


Zuch results make it perfectly clear that eynthetie diets may wholly | 


fail to support the growth of rats even when consumption is quanti- 
tatively quite adequate, and the figures show plainly enough that 
some factor in diet other than its * propels and energy content is 
indispensable: for growth. 5 
When animals, though not growing, are taking food in excess of 
what is necessary for maintenance and growth, one might think that 
che supply of a factor which induces growth need only promote the 


utilization of the food; without inereased consumption. Nevertheless — 


in my comparative experiments, in which such a factor was supplied in 
the small: milk ration, the consequent growth was nearly always 


associated with some degree of increased relative intake; at any rate f 


when the intake is calculated per unit of surface area. Rats growing 
quickly with milk also consume relatively somewhat more than others 
growing slowly on the synthetic diet alone. Only a complete metabolic 


balance sheet therefore can demonstrate to what extent the milk 
addendum improves the utilization of the food for growth purposes; but 
I. believe that what follows will suggest that the increased intake sone | 


8 altogether insufficient to account for the added growth. 

It is clear that in comparing the food consumption of two sets of 
animals which rapidly come to differ in size, we cannot continue to take 
the absolute consumption for a basis. In the protocols the energy 
consumption of the rats is given throughout, for eonvenience sake, in 

terms of calories per 100 grms..live-weight. It is noteworthy’ that 


different sets of rats, whether upon milk or not, if compared for 
moderately long periods may agree closely in their average consumption 
of: energy when it is thus calculated on a live-weight basis. The corre- 
spondence is not seen when one of the sets rapidly fails to grow, as in 


_ the experiments with the completely extracted ſood; but in all the 


other experiments the rats growing slowly without milk showed 


remarkable agreement on the above-mentioried lines with those 


receiving milk and ‘This is shown by the following 


4 in calories 
employed Without milk Wan 


Ian 7, the rats which showed the above close agreement when 
the average consumption was calculated fer a period of 21 days, were 
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| fed in all for 61 days. The average intake per 100 erm per rat when 
ealeulated for the whole of this longer period was, of course, lower than 

the above, but the agreement between the two sets was maintained in 
spite of their very different rates of growth. The 4 rats taking milk 
showed an average consumption of 38 calories, and those without it 
39 calories per 100 grms. live-weight. 

The consumption of food in all cases was entirely dependent upon 
appetite, and, considering the large number of animals concerned 
(32 with milk and 22 without) the agreement is not likely to be 
a coincidence. The slow-growing animals, while necessarily using less 
than the others for growth purposes, would require relatively more for 
maintenance, since their mean size for the period was less; but the 
close adjustment of intake to body-weight is not easy to explain. 

It is clear however that, if two sets of animals, rapidly differentiating 
in respect of body-weight, continue to consume the same amount of food 
per unit of weight, those which grow faster have available a con- 
tinuously increasing fraction of the whole for the purposes of growth, 
ainoe the demands for maintenance continue to become relatively less. 
For our purpose we need to show what actual proportion of the total 
intake is available for growth. 

If the principles taught by Rubner aa be assumed to hold 
rigidly in the case of animals such as young rats, we might. calculate 
the demands for maintenance at any period during our comparison from 
the surface areas of the animals concerned, and; deducting this from the 
total energy consumed, obtain a value for what is available for growth. 
This could then be compared with the actual rate of growth observed. 
But the general applicability of the law of surface area has been 
questioned, and my own experience leads me to believe that at least in 
the case of very young rats, the demand for maintenance is more nearly 
determined by the live-weight than by the surface area. It becomes, of 
course, smaller, relatively to the body-weight as this increases, but: it 
falls off more slowly than the law of surface area would require. 

Me do not, as a matter of fact, possess at the moment sufficient data 
to decide what are the maintenance requirements of a young growing 
rat of a given size, and cannot therefore directly calculate what pro- 
portion of its total food — is available at any moment for 

Ik the data be 8 it will be seen: that a given e of 

growth is attained with much greater pac when the ramon of milk 
is added to the artificial mixture. | | 
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The following table compiled from certain of the experiments gives 
the’ food consumption: of the rat-sets for definite periods, and the cost of 
one gram increment in body-weight during such period. Experiments 
in which the exhibited little or no 
are omitted. 


TABLE B. 


— „„ 
1 days 1744 2440 (%%% mim) 50˙4 
IV 5257 150 188 
V 5701 (225) 
{564s (433) } 1148 
vn 1 18,888 140,768 (686) 


The absolute values vary greatly in different experiments, the 
conditions being different. Thus in Exp. 1, the rats were smaller 
than the average, and only a short period is dealt with. The animals 
in this experiment were upon the purer food, and those without milk 
only grew for 13 days. In Exp. 4 the rats were heavier, and bei 
also upon the pure dietary with a very small milk addendum, the 
figures for them are high. Finally, Exp. 7 is exceptional in that the 
rats were large; especially at the end of the long period involved, and 
the cost of a given growth increment is always greater in late than in 
earlier periods of growth. i 

But if the cost in energy for unit gain in body weight i is 3 
in each individual experiment, the addition of the milk is seen to involve 
in all cases a great reduction. A given growth increment is obtained 
at not much more than half the cost. . The energy taken in the form of 5 
milk is given in brackets, and is seen to form a very small proportion a 
of the whole consumption. So large an effect upon the relation betwen 
food consuniption and growth when brought about by so small a 5 
variation in the constitution of a dietary forms a sufficiently striking 
phenomenon; but it is clear that a proof of better utilization (in the 
direct sense) cannot be based upon it. An acceleration of growth, 
however accounted for, by diminishing the cost of the maintenance 
during the acquisition of a given increment in weight, must iacrease 
the economy of the growth process. It might still be argued that 
no matter how the milk ration brings about the increased relative 
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intake, it is this greater intake which primarily determines the ac- 
celeration of growth. 

Evidence which appears to refute this view was obtained on the 
following lines. In each experiment described in this paper, the groups 
of rats compared were initially of almost exactly equal total weight, 
and were under exactly similar conditions, except for the presence 
or absence of the small milk ration. Such strictly comparable animals 
showed, however, immediate differentiation in their rate of growth. 
If therefore we note the initial growth velocities and the initial 
consumption of food, we may make a comparison before differentiation 
in size has become great enough to introduce complications on the score 
of maintenance. The necessity arises, it is true, to feed the animals for 
a week or ten days before any reliable estimations of intake can be 
made. In order, therefore, to make comparisons at this early period 
easier, the following empirical data were obtained. Rats similar - 


‘TABLE ©. upon growth of increasing the intake in 
known proportions. — 


Initial. Wt. on 5 og Initial WI. on Percent. Wt.on Percent. Initial Wi. on Percent. 
weight weight gain weicht gain den dax gain 
633 692 110 421 5665 340 580 617 +1160 412 457 130 
410 GOS 20 513 560 70 47:7 90 420 615 460. 
475 566 190 470 43 O6§ 3885 540 400 478 656 3870 
400 4856 200 457 625 3870 400 6507 270 410 534 300 
400 475 190 450 520 160 400 570 480 6520 913 870 
605 S65 180 484 624 440 3845 345 0•0 542 720 350 
455 618 140 895 52:0 3820 420. 592 410 825 875 150 
480 601 25:0 447 502 32:0 410 532 300 3855 532 500 
05 458 #%120 45˙9 570 20 410 415 £43878 410 130 
422 644 230 460 565 280 412 4830 50 3812 3850 120 
502 660 3814 480 495 150 3882 612 #840 40 575 440 
452 665 230 6555 565 877 517 870 575 0 310 

440 6575 810 418 590 450 500 645 290 
400 492 230 45 «G00 40 430 40 120 
-49°7 685 280 480. 610 420 
377 10 
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origin, weight, etc., to those used in the main experiments wers fed 
individually with food of exactly known energy content. The effect 
upon the initial rate of growth of increasing this in definite proportion 
was observed; The food chosen was the protene mixture, combined, 
to secure efficiency, with a larger proportion of milk than that given in 
the main experiments. The milk solids formed 10% of the whole mix- 
ture. The composition of the food administered to each group was exactly 
the same; the amount of protein and other constituents being: therefore 
increased proportionately with the energy. ‘The amounts administered 
represented 45, 50, 55 and 60 calories per 100 grms. live-weight. 
These quantities were given on the Ist day; the rats being weighed 
again on the 3rd and 6th days, and the food then increased so as to 
give the above values in relation to the increased weight. The con- 
sumption was therefore not strictly at the values stated for each day 
of the period; but the sets so fed are sufficiently comparable both 
with each other and with the animals of the main experiments, In 
Table C only those animals are scheduled which wholly consumed 


the food given. In the case of the highest value (60 calories) a few rats 


had to be eliminated as not having eaten the whole. When 65 calories 
per 100 grms. body-weight were administered, only a small proportion 
of the animals consumed the whole ration. The temperature range 
during these experiments was from 16° to 19° C., any differences falling | 
equally on all the sets compared. The range was similar in the main 
experiments. 

The data obtained are not wholly satisfactory, firstly because variation 
in the gain of individual rats within each group is large and irregular, 
and secondly because for a reason difficult to discover the mean gain of 
the animals for a given caloric value of intake is distinctly less than that 
of the milk-fed animals in the main experiments. But the results 
should, I think, be accepted as giving the information we require, 
namely, the order of increase in growth velocity which thay be expected 
to occur when the intake is increased without any qualitative alteration 
in the food. Within the limits studied it is seen that the growth of 
rats increases but slowly with a rise in intake. 

If we compare these results with those of the main experiments, we 
find that although, in the latter, the initial consumption per unit of live- 
weight was somewhat greater in those rats which received milk than 
in those fed without it, the increase in the velocity of growth due to 
the milk was out of alf proportion (if we may judge from the data just 
given) to what could have been accounted for by the plus in intake 
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be son u- loving figure tom 


1 First 10 days 64.9 59•4 10-0 28˙2 54:5 1: : 16 

49˙1 51˙8 4˙4 9˙0 19-0 1:21 


‘The highest difference in the i intake per. 100 grms, 8 as 
6 the sets with milk and those without, was 10°8 % (one of the 
sets in Expt 6). In most cases it was much less than this, and it was 
sometimes very small indeed. Vet the initial growth velocity was in all 
cases doubled, and sometimes showed a still greater increase. On the 
other hand in the experiments of Table C, an increase of 33% in the 
intake (from 45 calories to 60 calories) was insufficient to double the 
rate of growth. An increase of 10 ½ (eg. from 50 to 55 calories) pro- 
duced a very small effect. As soon as the intake is high enough to 
establish growth, the growth velocity increases but 1 with increase 


Final discussion. 


: W observations, I ventured, in an address delivered in November 
1906, to make the following remarks : 

“ Bat, further, no animal can live “PICT GE a fat, 
and , carbohydrate, and even when the necessary inorganic material is 
carefully supplied the animal still cannot flourish. The animal body is 
adjusted to live either upon plant tissues or the tissues of other animals, 
and these contain countlees substances other than the proteins, carbo- 
‘hydrates, and fate. Physiological evolution, I believe, has made some of 

these well-nigh as essential as are the basal constituents of diet, lecithin, 
for instance, has been repeatedly shown to have a marked influence upon 
nutrition, and this just happens to be something already familiar, and a 
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substance that happens to have been tried. The field is almost 
unexplored; only is it certain that there are many minor factors in all 
_ diets, of which the body takes account. In diseases such as rickets, 
and particularly in scurvy, we have had for long years knowledge of a 
dietetic factor; but though we know how to benefit these conditions 
empirically, the scale errors in the diet are to this day quite obscure. 
They are, however, certainly of the kind-which comprises these minimal 
qualitative factors that I am considering. Scurvy and rickets are 
conditions so severe that they force themselves upon our attention; 
but many other nutritive errors affect the health of individuals to a 
degree most important to themselves, and some of them depend upon 
unsuspected dietetic factors. 
Evidence has now accumulated 38 various sides to justify these 
views. That a deficiency in quite other factors can induce disease is 
a fact which is now upon a firm experimental basis. That a deficiency, 
quite as little related to energy supply, may result in the failure of so 
fundamental a phenomenon as growth in young animals seems equally 
certain. To what extent bare maintenance of the body-weight is 
possible, in spite of such deficiencies, is perhaps less certain. Osborne 
and Mendel observed prolonged maintenance on artificial mixtures, but 
found that “sooner or later the animals declined ; and, unless a change 
in the diet was now instituted, within a comparatively short period 
the animals died.” I have myself seen quite young rats maintain their 
weight practically unaltered upon a casein mixture for three weeks, and 
then begin to lose weight, or on the other hand, if given the necessary 
small addendum, begin to grow briskly. Such observations give the 
impression that the factor missing from the artificial food is one con- 
cerned solely with growth. But it is certain, as Stepp also found, 
that the presence of a most extraordinarily small remainder of the 
substance or substances removable by alcohol extraction, can affect the 
physiological value of artificial diets; and I am inclined to believe that 3 
apparent maintenance (which is usually very slow growth, or very slow | a 
decline) is only seen when the diet is not wholly free from them. If 3 
the food has been very thoroughly extracted, and if the fat subsequently 
added is wholly free from any tissue elements, I venture to think 
that only very short maintenance is possible, That Denaturierung 
plays no part here is shown by the fact that such food is clearly a 
utilised when associated with a small addendum of the kind being 3 
Anal t, Xl. p. 506. 1906. 
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FACTORS IN DIET. 451 
Ik there are any experiments in the literature of nutrition which 
might be thought to throw doubt upon the importance of such accessory 
substances, they would seem to be those demonstrating that fully 
hydrolised proteins can maintain growth. So far as these have been 
carried out with such material as autodigested pancreas, as in Otto 
Lœwi's original experiments, or with digested flesh, the mixture would 
not be necessarily deficient in accessory substances, and inspection of the 
results seems to show, that when, instead of gland or flesh, a separated 
protein was used, the effect upon nitrogenous equilibrium or growth 
was distinctly less favourable. Thus an experiment made by Abder- 
halden and Rona’ in which flesh was the source of the digested mixture, 
showed a much better nutrition balance than a similar one made by 
Abderhalden and Oppler“ who used casein. In Abderhalden’s latest 
experiments of this kind, when digested casein was fed for any length 
of time, the results were also less favourable than when digested flesh 
was used. In any case, as Mendel and Osborne remark, the duration 
of all such experiments has been too short for deficiencies of the kind 
under discussion to manifest themselves in any pronounced manner. 
Thirty days in the case of a slow growing animal such as a dog would 
be represented by a very few days in the growth period of a rat, and the 
latter nearly always grows for a brief period after being transferred to 
an artificial food mixture. A certain store of the missing on is 
probably available in the body. 
One point bearing on a comparison between Osborne and dere 
experiments and my own, needs mention here. In the case of four rats 
these observers state that they found inadequate growth upon an arti- 
ficial casein mixture, although supplemented by a small milk addendum‘. 
The milk was not fresh milk, but “Trumilk” powder, given to the 
1 extent of 6 % of the whole food mixture. When later the “ protein 
1 free milk” (vide supra) was added to the extent of 28˙2 ½ of the food, 
normal growth was established. _ | 
It seems to me, however, from inspection of Osborne and Mendel’s | 
curves (Nos. L and LI) that in the case of two of these rats, there was 
poe ‘no break in the growth curve at the time of the change of food. Normal 
: growth was established upon the casein and Trumilk mixture some ten 


1 Ztsch, f. physiol. Chem. un. p. 507. 1907. bid. . p. 226. 
2 Ibid, n pp. 50 and 51. 1912. In Exp. V, after a week upon casein products, the 
though it had bees long Hime positive 
on flesh products. 

Loe, cit. p. 104. 
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452 FG. HOPKINS: 
days before the change was made. In the case of the other two animals 

(Charts XLVIII and XLIX) the earlier consumption of food, so far as J 

can calculate from the food curves given, was certainly for some reason a 
inadequate. Stepp found that milk contained material capable of — 
restoring the nutritive efficiency of extracted diets; but the quantity 7 
he used ‘was greatly in excess of that employed by me. 


It is possible that what is absent from artificial diets and supplied | 
in such addenda as milk and tissue extracts is of the nature of au 
organic complex (or of complexes) which the animal body cannot syn- 
thesise. But the amount which seems sufficient to secure growth is so 
small that a catalytic or stimulative function seems more likely. It i is 
probable that our conception of stimulating substances, Reizstoffe,” 
may have to be extended. The original vague conception of such sub- 
stances as being condiments, chiefly affecting taste, gained in definiteness 7 
by the work of the Pawlov school. But the place of specific diet con- 3 

stituents which stimulate the gastric secretory mechanism can be taken “a 
by the products of digestion itself, and in this connection the stimulant 
in the diet is by no means indispensable. Most observers agree that the 
addition to normal dietaries of meat extracts capable of stimulating the 
gastric flow, does not increase the actual absorption of the food, though 
this point could only be properly tested by adding them to an artificial 
dietary known to be free from analogous substance. As was emphasized 

above, the milk did not affect absorption in my experiments. But such 
undoubted stimulating effects due to diet constituents as those discovered 
by Pawlov may quite possibly be paralleled elsewhere in the body on 
more specific and indispensable lines. Stimulation of the internal 
secretions of the thyroid and pituitary glands, which are believed, on 
very suggestive evidence, to play an important part in growth processes, 
can be legitimately thought of. On the other hand the influence upon 
growing tissues may be direct. If the attachment of such indispensable 
functions to specific accessory constituents of diets is foreign to current 5 
views upon nutrition, so also is the experimental fact that young 4 
animals may fail to grow when they are daily absorbing a e = 
ol formative material and energy for the ‘purposes of growth. 


In experiments of the kind described great care is required (in respect 
of cleanliness, maintenance of uniform temperature, regularity in feed- 
ing, ete.) in order to keep the animals healthy and rigorously. comparable. | 
I am greatly indebted to E. J. morgen whose 9 made the cd 

periments successful. 
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FACTORS IN DIET. 453 
.. Groups of young rats were fed upon artificial mixtures of isolated 
casein, fat, carbohydrate, and salts. Side by side with them similar 
groups were fed on the same basal dietary, but with the addition of a 

minute ration of fresh milk. 

In those experiments in which the basal diet contained fully purified 
material the rats without milk soon failed to grow. When the con- 
stituents were less completely purified, as when the protein was a 
commercial preparation of casein, slow growth occurred. In all cases 
the milk addendum, although its total solids amount to only 4 %, 
or less, of the whole ſood eaten, induced normal and continued growth. 
A similar effect was obtained with N free and salt- free extracts of 
milk - solids and of yeast. 

The total energy consumption of the animals under comparison was 
carefully determined, and it could be shown that the rats upon the 

purer dietary ceased to grow at a time when their intake was more than 
+  gufficient quantitatively to maintain normal growth. 

: The absolute consumption of the animals growing 0 with the 
milk addendum was greater than that of those growing slowly (or not 
growing) upon the basal dietary alone; but the consumption per unit of 

_ live-weight, was, in comparable groups, nearly the same. 
If growth continued (as upon the less pure basal dietary) it could be 
shown that the small milk addendum reduced the food consumption 
necessary for a given weight-increment to one-half or less. 

Special experiments were carried out to show the effect upon growth- 
velocity of known increments in food when its quality is constant. 

The results of these showed that any difference in the total intake of 
the rats in the main experiments, as between those upon milk and others 
without it, was very much too small to account for the great difference 

in their growth rates. 
The milk ration was fed separately and in advance of the adminis- 
A tration of the maindietary. It could not therefore affect the palatability 
ock the food or’ diminish its monotony. In general, moreover, it was 
found that cessation of growth upon the pure dietary took place before 
any failure in appetite, although the consumption might, later, fall to a 

lower level. 

It is therefore suggested that any effect of the addendum upon 
_ appetite must have been secondary to a more direct effect upon growth- 
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@ HOPKINS. 

Incidentally young rats from the same stocks which were used in the 
main experiments were fed upon a normal dietary to test their variability. 
It was found that does exhibited greater variation in ——, than 
bucks, and grew (as others have found) more slowly. 


The expen of this were in prt defrayed by grant tom the Government 


Prorocon A. Variation in growth-rate of rats upon normal diet. 
Rat No, weight in dae Rat No. weight weight, in days 
Buck 1 6865 Buck 18 15 

„55 50˙0 15 55˙3 20 

47 ·5 14 55°5 

57-0 55°7 14 

» 8 50-0 14 » 20 54-0 15 

60-2 14 49°7 16 

» 10 54-0 » 40-3 14 

» 12 54-5 „ 555 13 
Doe 1 560 18 Doe 18 44°7 16 

„ 2 55˙5 „ 14 58˙0 30 
100 16 29 

as 66-2 21 50-4 84 

15 » 19 49-2 

„ 8 4 0˙5 18 „ 20 

51˙2 20 58-0 26 

oll 65 4l „ 1 49˙5 

„ 12 29 544 22 
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ond Intake of individual Rate of Bap 


No. 417 Al4+A2 Big 527 Gig Diet, 40. 
0 875 3870 — 40 38-2 405 800 Pure dietary 
898° 803 519 455 370 56-9 43°5 880 626 720.0. milk 
‘6 80˙ 425 550 525 418 609 525 412 65° per rat per 
10 506 514 621 642 49:0 567 680 500 680 diem 
18 670 664 68:0 69:0 552 669 680 53:0 663 The energy 
16 692 600 592 780 58:0 571 71:0 555 688 of the milk 
20 775 690 543 81:0 670 556 810 655 60-0 taken is in 
2% 805 70 569 820 716 50° 862 705 640 all cases in- 
27 885 835 553 820 767 583 926 777 680 cluded in 
81 872 O14 514 847 792 840 62˙5 columns 4, 
36 865 1010 441 905 875 581 1022 922 609 7, and 10. 
912 22 B12 E22 Fig 712 

0 444 882 — 3845 882 #— 382 810 — Pure dietary 
8 470 852 52:5 880 399 49:1 40°7 361 581 alone. 

6 620 882 6583 419 418 577 462 87:2 657° 

10 590 420 603 440 445 6525 470 B84 53/1 

18 6905 484 558 460 450 550 448 880 585 

16 584 480 462 45:4 455 510 444 875 451 

20 585 3895 3878 ° 498 405 882 482 

98 500 850 878 392 892 408 390 29°7 361 2 
27 400 + — 805 #386 — 850 20 — death of 


* 


Average weights, de. Bap. I. 


per 100 grms, Weigh of sor 
0 218-2 — 219˙5 — — 
238-1 57-1 235°9 51°6 — 
205 60 2878 577 — 
10 8871 60°6 274-9 55°83 — 
8686 #64 | 2767 648 Gain on Isch 
16 886 ·7 60˙0 274˙2 47-4 Win milk 160-4 grms. 
441-0 56-6 252˙2 44°5 Without milk7-2grms. 
27 4980 60-7 — — Five out of six of the 
31 — rats without milk 
368 568 ·9 440 — vers dead before the 
day. 


I Aserage daily intake; vide p. 428. 
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Pnorooor H. Bop. II. 
nitial with- Initial days wind- 82 
Rat No. with ilk weight outmilk with Remarks 


4 740-785 9 448 474 17-6 Puredictary. For the first 
145 746 10 461 481 788 18 days Set A alone had 
44% B30 20 11 447 4% 970 80.0. of milk per rat per 3 
466 175 750 12 469 501 780 diem. During the lat 
71 18 467 510 76-2 82 days Set received 
103 14 449 492 76:1 the milk, A cating the 
420 7% 60% 15 4% 78˙4 pure diet only. 3 
412 79 700 16 407 452 741 All the rats were bucks, 
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49˙1 «(666 «(675 66˙1 59.3 472 On the 19th 
: No. L1 died 


Prorocor III (a). Bap. III, Period. 


SSS 888887 
3 
— 
n> 
= 
bo 
S 
@ 
88 
@ 
> 


. 
2 : 
8 
4 
a 
a Weight of 
No. 
. No. Hig H2¢ perday 112 1292 per day ig 424 per day Diet, &. 
4 0 410 40 — 41 #885 — 517 880 — Pure diet alone. 
a 8 462 484 695 461 402 664 535 332 68°0 — 
7 456 473 S585 47:2 47 580 60:2 88:2 — 
3 9 448 465 607 483 41.7 684 62˙2 872 661 — 
E. 12 445 462 647 485 402 6582 622 873 609 — 
. 16 400 422 577 +488 860 667 6382 38˙7 502 — 
* 19 3880 425 468 495 3858 493 665 402 480 At end ot period rat 
— 
9 No. HI was mori- 
a 2 was ill. 
a + 2 6.0, 
4 rat per 
4 
7 4 
4 


IN DIET. 457 
Prorocot HII Average Weights, cv. 72 
413 416 — H, 1, J, (six rate) on 
8 486 66-3 45°4 728 pure diet alone. 
7 46˙6 56-0 608 K, L, M, (six rats) on 
. 46 65˙1 56˙2 50°4 pure diet with milk 
4 61˙8 58°8 638 added, 
16 448 54˙8 62˙2 556 
19 48˙2 46˙4 666 
| | 
19 47°8 — 70˙¹ — In second period milk 
22 49-0 617 72°6 462 roeversed. Four rats 
26 58 77˙ 519 in each set. 
29 59°5 49˙8 76-9 412 
32 48°7 79 
36 67°0 42°8 77 40˙5 
68 ˙6 44°5 75˙⁸ 35˙0 
42 72% 38°4 
PROTOCOL IV. 1 y. 
No. Nig 017 022 57797 6 P1+P2 Diet, &. 
0 66 688 — 9927 792 — 6595 755 — Nand O on pure diet alone. 
8 725 67:7 529 940 807 45:1 580 755 604 P, O, R, & f on pure diet 
6 720 6756 562 960 427 620 683 milk. 
10 8 722 600 953 744 491 61:4 816 61-8 Uptol0thdaylo.c.of milk 
18 785 807 626 995 787 556 698 889 per rat. 
17 842 847 541 1025 849 508 782 90°5 54:1 Afterl0thdayP&Qreceived 
21 891 862 541 1064 860 525 823 93:5 61:1 2 06. and R&B 8e.c, of 
24 542 1079 48˙5 868 93˙0 55˙9 milk por rat per diem. 
27 856 848 478 10/9 87-1 85°7 910 95:0 541 On Sist day N 2 was mori- 
31 «860 6 87.3 990 — bund. 
Qi? Q14Q2 Rig Ri+R2 819 82 681782 
0 60 865 — 603 67 — 88 M5 — 
985 45:1 “684 610 453 905 770 49:7 
6 777 985 625 720 642 474 982 842 54:0 
10 806 1025 468 752 642 588 945 900 540 
18 807 1088 564 827 682 61:5 1020 
17 1002 1140 49:1 900 785 59°7 1100 1060 47-4 
21 1109 1155 588 935 850 63°0 1144 1160 59-9 
24 1190 1170 459 987 881 55°6 1205 1226 529 
27 1942 1170 886 99:4 89-7 41˙4 123°7 1248 45˙0 
81 1818 1250 — 1050 928 — 1820 148 — 5 
30—2 
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F. G. HOPKINS.” 
IV (a). Averages Hap. IV. 
49°0 76°2 „„ 
49 ˙5 778 578 792 
89 ˙1 525 4 
21 91-9 532 1005 57-4 1032 
24 91°8 51°8 104˙0 50°9 1075 6842 
27 91:7 41-4 1068 484 1004 (4982 
„„ ᷑ —DVV 4 
Pnorocor V. Eup. V. „„ 
— “Protene” A= “Protene” 
Day Vig vis det Vag diet VSG diet Vig dict 
87 46% — 867 41 — 871 879 — 884 — 
8 892 520 486 400 464 880 410 427 510 420 485 2866 i. 
6 420 547 492 414 480: 43:5 486 512 389% 6510 41°2 
10 476 607 528 447 486 516 474 40 55% 458 55°4 57˙8 2 
14 524 642 546 484 568 564 500 482 562 49°3 587 520 
18 59° 70° 522 50-7 695 506 640 584 586 610 47-2 4 
21 617 78˙4 456 530 640 468 550 575 440 6510 610 2856 
25 660 780 426 540 660 412 545 59°2 480 470 560 82° a 
period of period of of period 
28 722 842 484 572 690 480 584 645 80 45°0 550 344 
82-810 980 476 627 742 476 615 720 496 440 550 41-4 
38 920 1050 46:8 845 504 690 805 468 45°7 590 465-4 
11 952 1100 48-4 775 880 496 78:2 810 460 (475 820 42% 55 
45 950 1097 506 7986 892 «480 (76-3 827 516 508 620 62-6 
4 997 1186 ½ 78-2 88 470 78.9 88% 585 655 
Vo? Gee) vue @ee) Vise Vide Gee) Vig Bec.) 
0 B71 470 — 381 420 — 894 420 — 897 466 — 8 
3 415 540 504 445 486 426 42:0 470 4686 48:0 522 45 
6 460 68.2 508 500 552 484 466 6505 520 475 650 47˙8 x 
10 49°3 786 490 60°7 67-4 566 52:1 575 536 54-9 688 61-6 
14 575 919 518 612 695 588 714 769 526 644 770 54-4 0 
18 655 1080 492 670 810 608 782 85-0 499 78-4 870 498 
21 70˙8 1175-4400 720 850 442 85-0 890 400 886 900 429-4 
25 782 1300 420 916 4% 99:0 985 498 85-2 920 49-6 
on 25th day on 26th day. on 26th | on Sith 
32 140, 40° 802 1005 448 943 1020 470 900 040 440 
98 84.2 135°5 87-0 825 066 46:8 97:0 107-0 444 98-4 920 44:2 
41 89.2 1012 812 822 1055 512 1007 1062 456 92:0 880 420 
77°38 1201 36-4 802 1028 408 1002 1082 3 880 859 400 
70˙ù⁰ 1285 46% 70% 88% 4/6 1000 90-4 85-2 880 454 
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FACTORS IN DIET 


Weight of Weight of — 
0. cals. per No. cal, per 


live- Mis live-wt. VIéz 


— 47 340 — 40 399 — 
66-9 500 435 6525 480 62:8 
413 582 495 440 585 510 5658 
45% 540 827° 845 685 497. 496 
«G10, B45 515 682 520 41-7 
% 642 402 50-0 643 52:0 38:1 
452 690 442 441 695 582 37˙1 


607° 725° 600 48:0 787 617. 46-9 


3 160 522 42:4 772 675 448 


680 775 652 416 684 712 418 ~~ 


527 806 617 45°4° 868 746 42:9 


836 664 «(50-0 806 440 


879 1183 1177 878 1116 98:3 39˙0 
87°4 1805 1284 383 115°5 1002 39 ·0 

— 867 868 — 890 424 — 
579 450 500 608 53:1 57:0 582 
530 528 595 541 62:0 68:7 54:8 
445 612 690 479 757 757 500 
512 685 760 582 8382 85:1 53° 
448 702 822 58:5 887 905 49°0 
463 755 887 6565 93:0 964 387-7 
460 829 994 566 981 1035 45°5 
42-6 914 111-0 45°9 100-0 106-4 426 
880° 101-0 1195 426 1000 1150 346 
88-0 1140 180-2 884 1025 117-8 48-2 
$85 117-0 141-0 41-3 1005 36-2 


VI7—VI12«Pro- 


tene diet +2°5 
c.c. milk per rat 


per diem 


VI 16 II 1s 


Protene” diet 
+5 0. 0. milk. 


0 890 865. VII to VI6 on 
4 4% 47% Protene diet 4 
7 462 479 alone. 
11 66˙0 540 
1 14 685 
1 17 695 696 
20 76˙2 76˙0 
4 
30 95˙0 T. a 

“4148 1% q 
| ——᷑ ̃— 
| VI8¢ Vile vine 
46 890 — 410 315 — 410 393 4 
| 420 47:2 582 5605 395 61:3 517 515 67°5 

576 «460 57/0 6459 78˙7 «(700 53 4 

640 145 645 760. 57:0 52-4 837 800 1 
660 810 46˙1 812 645 468 92:0 885 53°5 4 

724 84:5 400 865 730 402 950 93:5 

800 965 460 978 854 40:7 969 930 37:3 . | 3 

870 1042. 89:0 97:0 42:7 1000 93:0 36˙5 

| 938°2 109 1105 1080 386 1042 94:0 236-2 4 

104·9 122-2 | 4 

1140 185-0 2 

Viisg VI1e 

480 52-0 

“590 

742 

860 785 3 

96-0 87-0 — 

‘101-0 970 4 

114-5 
1250 118-2 
185°0 180-5 
1001 185-1 

1500 145-2 


0 
12 
15 
19 
22 
26 
20 
88 
35 
40 
48 
45 
48 
52 
55 
88 
61 


1085 


Average 


HOPKINS 


VI (a). Averages, ay. 2 


weight 100 
IIe 


88-5 
48-4 
50-2 
815 

B59 
59-9 
64-5 

1 4 
75˙9 
79°1 


105°5 48-2 
109˙0 452 
112-2 
114% 
119-8 51˙5 


471 


40˙9 


50-9 
46-8 
42-1 
46-9 

46-4 
455 
470 


Vise 


189-0 
180-7 
1400 
145-2 
146-7 
146-0 
146-5 
147-4 
155-5 
158-0 
156-0 
165-0 
164-0 
1729 
1770 
185-0 
191-0 

192°7 
198-0 
200°5 


180°7 
188°4 
189°0 
1445 
1417 
148-0 
141˙5 
189 ˙5 


146 7 


148°3 


1550 


159 ˙⁰ 
160 ·5 
165°0 
168°0 
172°2 
181°0 
184°0 
185°7 


1892 


A 
87°7 
47˙1 


12 


652 
72°65 
78 9 
84˙2 
91°5 
1028 


“1193 


11 Ga 


468 


A 
in 


100 grms. 


62-8 
57-8 


48°83 


54°4 


98°7 
96°0 
101°0 


‘111-0 


117-0 
120°0 
124°5 
127-0 
147°0 
145°7 
149°5 
157°0 
165°5 
168°9 
1717 
179-0 
175°2 
180°2 


413 


87°9 


882 


111-0 
118-7 
129°2 
141-7 
1492 
151-5 
155°7 
162-0 
166˙2 
1750 
1780 
1810 
191-0 
206-0 
208-7 
219°5 
217°5 
228-7 


229-2 


Average 


88 · 
50-8 


709 
79˙5 
85°6 
91°9 

101-8 

1080 


117-0 
128-3 


590 
688 


5438 
4 
41-5 


= 
P 
+ 
** 
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4 = 
— | 
— 
4 
81-5 — 109°2 137 ·0 — 
72 · 6 — 189°7 — 
78°5 58°5 1042 47°3 
4 78˙5 42 W 546 111˙0 168˙4 48-0 
79˙0 55°6 52°6 1205 170-0 §2°3 
82˙0 46˙8 490 1815 1772 
772 1145 462 46°8 46:2 185°7 190°5 44°5 
84°5 1245 393 45°2 44-6 1442 87°7 
850 1272 39-0 39-0 1605 2140 235°9 1 
86°5 1212 40% «(402 1525 216°5 87°9 
1275 36˙8 43-7 462 1545 2180 87°2 
91°55 1820 3859 452 1600 216°5 35˙2 
94˙5 1845 32˙1 46˙8 967 1647 2280 84:1 
970 84° 46˙8 45 ˙1 169% 2842 404 
975 1360 46˙8 426 1740 2400 
1087 1410 388°5 40°0 87° 188° 254°5 | 
1070 141˙5 87-7 84°6 280 1880 2660 80°3 
1110 145°1 93891 32˙8 1890 264 ˙5 28 ˙4 
1170 1451 388% 29°9 306 1940 2620 24°8 
1205 1500 852 325 1970 685 2877 


NOTE ON THE: FATE OF SECRETIN IN PAN 
CREATIC DIABETES. By ©. LOVATT EVANS 


the Institute Physiology, College, London) 


THESE experiments were undertaken 5 the suggestion of Prof. 
Starling in order to determine the fate of prosecretin after extirpa- 
tion of the pancreas in dogs. It seemed possible that, owing to the 
intimate cooptation of the various functions of the alimentary canal, the 
loss of the pancreas might be followed by some change in its chemical 
excitant. Prof. Starling had completely removed the pancreas from 
a number of dogs, for the purpose of another investigationa), and the 
intestines of these dogs were subsequently examined for the presence of 
prosecretin. 

Method. All the animals, diabetic and normal, had been thiting 
bes 12 hours before use. From the depancreatised dogs equal lengths 
of the duodenum and upper part of the jejunum were removed, and the 
mucous membrane scraped off and well mixed. Weighed amounts of 
each sample were then taken, and secretin prepared from them in the 
usual ‘way@. The secretin solution and washings were made to a 
definite volume in each case. Usually from four to six volumes of 
secretin solution were prepared from one part of mucous membrane. 

For comparison of these solutions a normal dog, under morphia 
and A0, was used and a cannula was tied in the pancreatic duet. 
By suitable double ligaturing of the mesenteric vessels, a loop. of the 
animal's jejunum was removed and a solution of secretin prepared from 
it in precisely the same manner as from the depancreatised dogs. This 
solution served as a standard secretin of medium activity. The 
comparisons began by the intravenous administration of 2 ¢.c. of the 
‘animal’s own secretin, the dose being washed in by 3 cc. of warm 
_ saline. The drops of pancreatic juice secreted were recorded by a drop- 
recorder ; from the carotid was After 
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series was again repeated, the experiment being finally terminated with 


given, and to other less obvious circumstances—such, for example, as 


equal consecutive doses of secretin. This may be in part due to 


a must be prepared to ignore small differences in the response — 
gland as being of no significance for our purpose. | 
- pancreas much less secretin can be extracted under uniform conditions 
dag jejunum. It should be noted that in the case of the diabetic 


of jejunum together, while the control normal secretin was prepared 


troubles which so constantly accompany pancreatic diabetés, for not a 


but the secretion of succus entericus and of bile would also suffer. It is 


the first secretion had thoroughly subsided, 2 c.c. of one of the solutions 1 
of secretin to be tested were injected and also washed in with 3 co. of * 
saline, drope of juice and blood-pressure being recorded as before. BY 
A second and third sample could be examined by proceeding in the a 


same manner. Finally an injection of normal secretin from the dog 
itself was again given in order to see whether the pancreas was still as 1 
excitable as at the beginning of the experiment. Usually the whole 1 


one more injection of the normal dog 8 secretin. 
Owing to slight variations in the rate at. which the secretin is 


the carrying away of a variable quantity. of juice by means of the 
accessory pancreatic ducts, or the varying distribution of the ad- 
ministered secretin as a result of altered vascular conditions—the 
pancreas does not usually respond in exactly the same manner to two 


a diminution of excitability, though the evidence points rather against 
this explanation; thus, the variations are usually more marked with 
weak secretin solutions than with stronger ones. At all events, we 


The table on p. 468 gives the results of such experiments. | 
These experiments show clearly that in animals deprived of the 


from the mucous membrane of the small intestine than from the normal 
animals the secretin was prepared from the duodenum and upper part 


only from the jejunum, which usually contains less prosecretin than 
the duodenum. The depancreatised dogs were not genérally kept for 
more than six days if the extirpation had been complete, but it seems 
fair to suppose that if they had been kept alive for a longer time, say 
fortnight, the prosecretin would all have disappeared. The loss of 
secretin might conceivably exaggerate the nutritive and digestive 


merely would the supply of pancreatic juice be restricted or stopped, 1 


of some interest to note that the depressor substance is in no way 


diminished with the secretin—a of 
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\ SBORETIN, 468 


“9 Normal „% 46 va" 1000 
19 

D 81 9 56 48-5 

Normal 78 18’ 72 80” 115-0 

54 * 140 

D 18 0 52 2’ 20°0 
Normal 56 68 

8: Normal 48 1 44 1000. 
52 * 290 
„ 10˙0 

Normal! 24 46 600 

2 2 60 42 
Normal 31 1y 52 646 


of & Gays previously. Bxtirpation completed 36 hour 


ago. 
ced. 


The exact. cause of the disappearance of ‘prosecretin was. bask 
sought for, Possible causes are (1) the mere loss of the pancreatic 
juice; (2) the loss of some hormone produced by the pancreas as an 
internal secretion ; (3). general ill-health and malnutrition. In order 
to decide denen these possibilities recourse was had to 4 partial 
pancreastomy. This operation was performed by Prof. Starling upon a 
small healthy dog. The main pancreatic duct was ligatured and five- 
-sixths of the gland removed. The remaining sixth, a lobe of the head 
situated caudally to the duct, was detached from the duodenum, and 
drawn by a gut ligature into a pouch made a little to the right of the 
midline between the superticial and deep abdominal fascia. The blood 
supply of the piece was left intact. The animal did not become 
glycosuric, but became somewhat emaciated in spite of good appetite, 
The animal therefore satisfies condition (1), and fourteen days after the 
operation the dog was killed. The skin incision had quite healed, and 
there had been no sepsis. The piece of pancreas was palpable beneath 


1 These operations were performed by Professor Starling. 
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the skin as a hard lump and had not apparently diminished in size. It : 
was imbedded in a somewhat tough fibrous sheath and there ‘vas no 
evidence that it had secreted any juice recently. 


Two secretin 


solutions 1:4 were prepared from the intestines of this animal, one 
| | from the duodenum and one from the jejunum. These were compared 


- with secretin from the en of a normal dog as described above. 


The are:— 


Bouree of secretin 
Normal gut 21 18’ 
Jiejunum of operated aa; 25 14’ 30” 
Duodenum of operated abe 104 20’ 
Normal: 11’ 
Duodenum of operated dog 88 28’ 80” 
Jejunum of operated 16 8’ 5” 
Normal 28 oF 


in fact, a secretin of great activity. 


8 888883 


fall of BP. 


mm. 98 380” 
6’ 30” 


10’ 30” 
10 0” 
8 10” 
8“ 0” 


2 40 


= 


100 


The. inference to be drawn from this experiment is that the 
retention of one-sixth of the pancreas prevents not only the glycosuria, 
but also the loss of secretin. The duodenum of the operated dog gave. 


The piece of panereas grafted under the skin was subsequently fixed 
by the method recommended by Dale and sections 4 thick were cut 
in paraffin and stained with hæmatoxylin-eosin, toluidin-blue and 
other stains. Examination of the sections showed that the graft lay, 

apparently normally, among the surrounding muscular and fibrous 
tissue. The fibrous tissue of the gland itself had much increased, 
especially between the lobules, which thus acquired a rounded appear- 
ance very different from normal. A number of large phagocytic cells 
were evident among the fibrous tissue. Otherwise, the gland tissue 
itself presented a normal appearance, the cells being crammed with 
zymogen granules of large size. No islet tissue could be made out by 
the methods used; but the specific granule methods for demonstration 
of islet tissue were not tried. It would seem that if the islet tissue 
is responsible for the production of an internal secretion capable of 
preventing glycosuria and loss of-prosecretin, it must be able to exercise 
this funetion: when present in small amounts, 
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SECRETIN | 465 


SUMMARY. 


1. After ee removal of the pancreas, prosecretin rapidly 
disappears from the intestine. The depressor substance, however, does 
not diminish. | 

2. When part of the pancreas is left, in order to retain such an 
amount of the pancreatic hormone as will prevent disturbances of 
carbohydrate metabolism and glycosuria, there is no appreciable loss of 
secretin even after fourteen days, It would seem, therefore, that the 

loss of secretin in pancreatic diabetes is simply one symptom in the 
general train of metabolic disturbances ae on loss of the 
| secretion of the 
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THE HEAT-PRODUCTION OF SURVIVING AMPHIBIAN 
MUSCLES, DURING REST, ACTIVITY, AND RIGOR. 
ay, HILL, Fellow of Trinity College, Cambridge. et 


In a recent paper? I showed that it is possible to estimate the heat 
produced by isolated surviving frogs’ muscles, (a) during rest and 
(Y) during heat- or chloroform-rigor. These experiments have led to 
a more complete investigation of the energy exchanges of muscles under 
various conditions. The direction taken by this investigation has been 
determined largely by ideas derived from Fletcher's work“ on the 
CO, liberation, and from the work of Fletcher and Hopkins* on the 
lactic acid formation of surviving muscles. A quantitative comparison‘ 
of the heat produced during the various stages of what is really the 
dissolution or gradual death of a muscle, with the CO, set free during 
these stages, is as Frank“ points out a matter of obvious interest in 
discussing the internal nature of the muscular machine. A further 
comparison of the heat with the lactic acid formed is of equal 
importance. It is on lines such as these that we may best hope to 
separate, from among the various survival processes, those which exist 
during normal life and those which occur only during dissolution and 
death. 

The muscle is undoubtedly a chemical machine: by no stretch of 
the imagination can it be supposed to be a heat-engine. Later in the 
paper“ is discussed how the developments of physical chemistry, making 
it possible to predict “free energy” from certain constants in a 


IA. V. Hill. This Journal, xm. p. 280. 1911, 

2 W. M. Fletcher. Ibid. xl. p. 10. 1898: xxvmi, pp. 854 and 474. 1902. 

Fletcher and Hopkins. Ibid. xxxv. p. 247. 1907. 

Blix (Scand. Arch. f. Physiol. x. p. 94. 1902) claims to have established the heat- 
3 of resting muscle. Experience with his instrument makes me, however, very 
to obtain quantitative 

ts. 


5 O. Frank. Ergebn, d. Physiol. 11, (2), p. 890 &. 1904. 6 p. 507. 
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HEAT-PRODUCTION OF MUSCLES | 4 


chemical reaction, may help us to develop the theory’ of muscular 
contraction upon rational lines. The present ‘investigation is an 
attempt to follow the disintegrative processes of a muscle cut off from 
its circulation from the point of view of the total change of energy in 
these processes, As regards a comparison of the energy with the 
chemical products of these reactions I have had many opportunities of 
discussing the problems involved with Dr Fletcher: to this fact I owe 
much, both in information and ideas. 

The heat-production of an isolated muscle under various conditions 
has however an interest of its own apart from a comparison with the 
simultaneous. formatior of chemical substances, in particular of lactic 
acid and CO,. It can be used as an independent means of investigation, 
based upon the fact that a rise of temperature in the muscles com- 
municates itself, with no appreciable delay, to the recording apparatus: 
whereas (a) as Fletcher has shown the CO, once formed takes some 
hours to diffuse out of the muscle and (b) the present method of 
lactic acid estimation is so elaborate that many experiments cannot be 
done by it. The heat-production is likely, therefore, to be of greater 
use than the formation of chemical products, in —e us to follow 
the time-relations of certain muscular Processes, 


Pane I. THE HEAT-PRODUCTION OF RESTING MUSCLES. 


The method of estimation was that of the e 
desatibed recently’. Owing however to the extreme smallness of the 
quantities of heat to be estimated—leading in some cases to a rise of 
temperature of not more than 01 C. per hour have, for reasons given 
below, adopted somewhat more elaborate precautions to secure equality 
of temperature outside the two flasks. The differential method is of 
course based on the supposition that the two flasks are subjected to 
identical external temperature conditions, so that the physical loss of heat 
from one flask is balanced by an equivalent loss of heat from the other. 
Naturally I imagined that if the two flasks were standing side by side 
on a table, in a cellar of very uniform temperature, such conditions 
would be fulfilled. For all ordinary experiments, such as I have 
described hitherto, this is in fact the case. But in the estimation of 
the very minute quantities of heat given out by resting surviving 
muscles in their later stages it was found that there were. some- 
| . certain irregularities which could be accounted for only by = 


1 Op. cit. Throughout this paper denotes 
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0 that thie two flasks were being subjected to external tempera- 
tures differing by as much as 0.1 C., or even more. This might 
occasionally lead to an error of 50% in the very small quantities of heat 


— estimated, and had obviously to be avoided as much as possible. 


The difference of temperature at two points on the table might be due to either or both 
Jͤ — or in exposure to radiation : (b) heat- 
flow along the table from the inside. to the outside of the building. Whichever be the 
case the errot was to some extent avoided by the following device : oe 


‘The flasks were kept inside a large tin box, which was sufficient to 


hold four of them, and which stood, insulated from the table, upon four 
corks at its corners. Since the box was a good conductor, differences of 


temperature along it tended to be equalised by conduction: and more- 
over the flasks were protected more effectively from radiation and 
draughts. The system was not completely satisfactory, but at any rate 
was better than before. Without very serious complications it is 


difficult. indeed to see how one can get a more complete equality of 


temperature outside the two flasks, The limits of error in the experi- 


‘ments are given below, In any one experiment during the later stages 


of survival it will be seen that there is the possibility of very con- 
siderable errors. But for many months experiments have been made in 


the hope of reducing these errors: and the accumulated. results of all 
these experiments, in none of which the errors are, a priori, more likely 

to be positive than negative, must present a picture of the resting heat- 
‘production which is very close to the truth. In fact to aim at a higher 
accuracy than the mean of (say) all the experiments made in the 


neighbourhood of 16°C., would be useless because of the inconstancy 


and ‘variability of the material under investigation, viz. frogs’ muscles. 


The. experiments have all been made upon Rana temporaria; in 


those given in Table I, only arms and legs, or legs alone, have been 
used. Skinning has usually been avoided for several reasous : (a) ease 


and quickness of manipulation: skinning 100 gr. of frogs’ legs takes 


some time, and it is often desirable to make the first observation as soon 
as possible after death; (b) to avoid injury as much as possible; (o) to 


avoid, to a certain extent, exposure of the muscles to the Ringer's 


solution. Needless to say the muscles have never been separated from 


the bones. The results are expressed in gr. calories per hour, per c. of 
tissue, unskinned. To reduce these values to those per cc, of tissue 


skinned, it is necessary to multiply by a- factor which is approximately 


12. In Table II are given results obtained by the use of whole frogs, 


with their brains and cords destroyed immediately before the experiment. 
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The use of whole frogs has, though i in an even higher degree, all the 
advantages, (a) (ö) and (o), given above: it has however the dis- 
advantage that one does not know exactly with what one is dealing: the 
survival processes in intestine, liver and heart all add their quota to the 
heat produced by the surviving muscles. The possibility of bacterial 
decomposition in the gut leading to survival heat-changes can be 
neglected, for the guts of laboratory frogs are almost always practically 
empty; in any case however the muscles provide the main portion of 
the active living constituents of an animal: and the exact quantitative 
and qualitative similarity of the curves of heat-production, f for the whole 
pithed animal and for the legs only, shows that we tay safely use the 
whole animal for the experiments. 

The experiments were made (a) dutisie the very hot summer of 
1911 and (6) during the months January to May of 1912. The more 
careful and elaborate experiments are the later ones: some of the 
earlier experiments however are included here, because although the 
frogs were in a very different state (owing to the hot weather) the same 
general type of results was obtained. In the later experiments stir 
before each reading (to get the mean temperature of each flask) has 
been done with thin pieces of stick, passing through the cotton-wool 
stopper, and left resting in the flasks throughout the experiment. This 
I believe to be simpler, less liable to error, and more efficient than the 
babbling of air previously advocated. With a little stirring a perfectly 
constant reading is obtained, so that further stirring causes no change 


of reading to within },°C. The actual galvanometer readings were 


made at short intervals during the first few hours, and at longer 


intervals later. Curves were drawn through the observed points plotted 


on squared paper, and were then corrected for heat-loss’: from the 
curves 80 corrected the heat · production during the various stages of 


Survival was read off. It is impossible to give full details of all the 


experiments quoted. For those however who wish to see the actual 
details of a typical experiment, Exp. I, Table I and Exp. I, Table II are 
given in full, It should be noted that, when the contrary is not 
definitely stated, the Ringer or salt solution used is the ordinary 
laboratory solution which contains a certain amount of dissolved 
oxygen, say from 0°2 to 0°6 C /., This is important in view of the 
effects of O, seen in Table III and described later. | 


ot. Hill, op. cit. 


unchanged after nine months use of the flaks. 3 
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I. Heatproduction of resting isolated frogs’ muscles, 


Hr. I. Feb. 1912, Eight frogs killed, 97 0.c. arms and legs cut off as rapidly as 
possible, measured and put in flask No. 1 at 18°5°0. in Ringer's solution: total 250 ¢.c. 
In control-flask No. 5 285 b. o. water. Coefficient of heat-loss k=-0406 per hour. Stirred 
with thin sticks before each reading. The whole was very well shaken and stirred before 
the readings began: the initial reading is therefore a correct! one, and the amount of 
oxygen? dissolved in the 250-97, f. e. 158 c.0. of Ringer, must have been about 1°1 0. o. 


divisions: 100 8. d. 824 C. 


Time 8 4 10 1% 98 4% 56 6˙7 


Reading -118 110 108 97 -90 76 74 70 -58 40 44 


Time B1 28-9 26·9 28-3 81-8 88˙4 477 49 682 74 102 
Reading -86 +87 +48 59 68 177 92 198 185 140 14 284 415 


At the end of the experiment the muscles were decomposing strongly: that the later 
large rise of temperature is due to this, is seen from the fact that after placing at 102 hours 
a little chloroform into the flask, the reading fell in 24 hours to 220. Judging by other 
experiments the chloroform does not immediately check all the processes set up by bac- 
teria: but neglecting the first few hours after the introduction of chloroform, it is seen 
that there is practically no heat-production after cessation of the bacterial action. Auto- 
production in the later stages given in the Table. 

From the observations given above, and the curve of heat-production corrected for 
heat-loss, the following numbers are obtained and shown in Fig. 1. The rate of heat- 


production is calculated in calories per hour, per o. o. of tissue, during the periods named. : 


ending at 28 88 48 5B 60 70 80 
Rete of hest-production 049 «07s 08 11 14 17 


Rate of heat-production 36 20 15 12 os os -04 
Peviod beginning at. 18 28 3838 48 350 60 70 80 90 
90 100 
20 


The rate of heat - produotion is possibly subject to an error of e 


in the same direction. 
in the following experiments (II-VI) the possible error was + O2 cal. per 6.6. per hour. 


Exe. II. Similar Exp.: legs and arms at 18°C. in NaCl · 7 %. Feb, 1912. Heat- 
production in gr. cal. per o.c. of tissue per hour, during the periods named. Time in hours. 
Period beginning at . O05 10 2 % ½ 
of heat-produetion 16 09 "056 052 050 040 048 046 080 58 


in shaking is not oaried ont oarefully the mixture of moscles and Ringer may take 
some time to settle down to a uniform temperature. 

slaty of in water at 18° in shoot tho of tho ai 
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HEAT-PRODUOTION or MUSCLES, 471 
Similar Exp. ; at 16°O, in Ringer. Feb. 1013. 
Period 0%éͤSʒũ 
29 20 6 6 6 
Exe, IV. Frogs’ logs at 15° O. in boiled Ringer (no O, present). Apr. 191 
ending at 3 8 20 0 40 45 
Rate ofhest-production 054 051 04s 900 088 568 
rr. V. Frogs’ legs at 27 O. in Ringer- Aug. 101. 
| Period begimningat .. 10 80 8 4 6 
1% 20 % 4 6 10 
Rate ofhest-production 0 26 17 15 13 
Exp, VI. Frogs’ legs at 16-85 O. in NaCl 7 %,. Aug. 1911. 


Fig. 1. Oourse of survival hest-produotion, in actual experiments. 


TABLE II. Heat-production of resting pithed frogs. 


in flask 
Exp. I. May 1912. Eight frogs killed, 160 0. o. frogs +170 0. 0. boiled Ringer 

No. 1 at 18° 0. In control flask No. 5 400 0. e. water. Coeff. of heat-lose, k=-0298 per 

hour. Time in hours from death: readings in s.d. 100 8. d. · 306 C. 


Time 
Reading -69 64 -60 -57 -56 -89 -20 —7 
Time 3% 4% ATT 
Reading -1 +10 +46 536 62 72 88 100 106 
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was an obvious sméll of decomposition. From the observations 4 corrected curve of heat- 


production was made, and the following numbers were obtained. and are shown in Fig. 1. 
H.-P. c Time in hours, 
measured from death of animals. 
Peried beginning st 16 28 834 


Possible error, +007 cal. per o. 0. per hour. 
In Exps, II to TV the possible error was not > per per 
Exe: Whole frog, anshinned, at 165°C. in Ringer. Feb. 1912. 


Period Beginning at 15 
endingst =... 10 2% 8 10 165 2 


Ber. Hil Whole frogs, unskinned, at 12°5° C. „ Feb. 1912. 
Period beginning 1 2 ë1 66 12 2 40 
Rate of heat-production 10 07 -055 037 -034 080 021 ‘025 031 
Exr. IV. Whole frogs, unskinned, at 21°C. in Ringer. Aug. 1911. ies 


Period beginning at 5 10 
ending at. 10 2˙0 4 
Rate of heat - produotion JJ... 


25 


From these experiments it is seen that the heat-production of isolated 
resting muscles follows a change represented graphically in Fig. 1. The 


same relations are shown by the heat-production of pithed frogs. The 


heat-production of the normal resting live frog, as was shown in a 


previous paper’, is about 32 cal. per c.c. per hour at 16˙ C. This value 


is strikingly the same as values obtained for the initial heat- evolution 
in Table I exps. I, III, V, Table II exp. II, and Table III exps. II, III 


and VIII. The production of heat therefore by the resting 
surviving muscle starts at a high value which is apparently 
about the same as that for the normal live resting frog. It is 
impossible, as a matter of fact, to estimate the rate of heat-production 


immediately after death; the method requires at least 15 minutes before 


an observation can be sede. If however one exterpolates the curve 
back, one finds a value for the initial survival evolution of heat which is, 
in any case, not less than that shown by normal living frogs. The rate 
of heat-production falls thereafter for several hours, along a more or less 
“ exponential ” curve, until at 16° C. it reaches a value of about 05 cal. 


per gr. of tissue per. hour, both for frogs’ legs or for whole mee: At 


* Of. A. v. Hill. This Journal, xuam. p. $90. 1911. 
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HEAT-PRODUOCTION OF MUSCLES. 


this value it may remain constant for many hours, without any very 
obvious variation, until finally decomposition sets in, followed by an 
increasing rate of heat - produetion. Before proceeding to discuss. the 
bearing of these facts, it may be well to refute certain objections. that | 
may be made against them. 

In the first place a year’s experience with the method es shown me 
that for these experiments the apparatus is working somewhere near 
the limit of its power. The greatest liability to error arises from the 
impossibility of securing exactly similar temperatures outside the two 
flasks: but it must be remembered that, from several control experi- 
ments in which the final equilibrium difference of temperature between 
two flasks: (both filled with water) has been estimated, it is possible to put 
a superior limit to the errors which may arise in this way: and further 
the errors cannot always be positive, or always negative, for each 
experiment has been made in a different position upon the table. At 
least 60 experiments altogether have been made, of which the 10 given 
above are typical: the same results qualitatively and quantitatively — 
have been seen in all, so there is no possibility of any considerable error 
of this type affecting the general result. From the best of these 
60 experiments I have calculated below an average value for the heat- 
production of “surviving” frogs’ muscles: but it will be seen from the 
facts connected with the presence or absence of oxygen, which are given 
in Table III, that it is of no value, obtaining very exact results in any 
but the late periods of survival change, because the numbers obtained 
depend chiefly upon the amount of oxygen present. The average 
values given below are as accurate as it is worth our while to make 
them. 
The next criticism is as follows. Possibly the peculiar conditions 
of the experiment have rendered the balancing of the flasks against one 
; another no longer exact. The difference in the specific heats of water 

and muscle might have had this effect, were not this difference too’ 
small. It may be urged that the differential method applies only when 
exactly similar substances are in either flask. In these experiments a 
mixture of solids and liquid i is in one flask, and water alone in the other. 
The solid substance, viz. frogs’ muscles, may hinder convection currents 
and mixing of the fluid, and so prevent the equalisation of temperature: 
this might appreciably change the constant & of heat- loss in the flask 
considered. The flasks might no longer be properly balanced, and the 
method faulty. The one with muscles in it might always lose or gain 
heat slower than the one with water only. As a matter of fact this is 

31—2 
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474 A. V. HILL. 
not the case. If it were, the errors would add on to the observed heat- 
production when the temperature of the calorimeters is above that of 
the room: and subtract from it when the temperature is below that of 
the room. The universal concordance observed between the experiments 
made above room temperature and those made below room temperature 
proves that such errors must be very small. Further, muscles left in 
chloroform-water after death have never shown any positive or negative 
evolution of heat. No appreciable proportion of the total observed 
heat-production can therefore be due to an error arising from incomplete 
balancing of the coefficients of heat-loss * of the two flasks: whether 
any such lack of adjustment be supposed due to the presence of solid 
substances, to inequality of specific heats, or to faulty calibration of the 
flasks, 

A third objection is that possibly the initial high rate of heat- 
production i is due to the rigor and death of injured muscle fibres: The 
experiments upon whole frogs were designed originally to test this, and 

the complete equivalence observed shows that, whatever else the survival 
heat · produetion may be, it cannot be due to death e set up by 
mechanical injury of the muscles. 

By taking the average of 23 of the best experiments nee the | 
following results were obtained: the average temperature was 15°5° C., 
and in order to compare the results directly with Fletcher’s results for 

the CO,-evolution, the numbers are all given multiplied by 1:2, the factor 
necessary to reduce the heat-production observed per c.c. of animal 
unskinned to the heat-production per oc. of animal skinned. — 

Rate of heat-production of resting frogs’ muscles, reckoned in gr.-calories per hour 


per o. o. of skinned animal, during the periods named, at 15°5°C. Time in hours, reckoned _ 
from death of animal. Results plotted graphically in Fig. 2. 


Period beginningat .. 3 6 10 2 8 6 10 20 30 400 
ending at Ille 8 5 10 20 30 40 50 
Rate of heat-production 31 ‘14 11 078 085 050 045 046 049 9060 


Let us proceed now to a comparison of these facts with Fletcher's 
results on the liberation of CO,. In the first place there is obviously a 
great similarity between the curve in Fig. 2, and the curves given by 
Fletcher’. There is the same initial fall from a high value, and the 
same attainment of a low constant value (named by Fletcher the 
plateau of CO, liberation) lasting for long periods, in fact at 15°5° C. 
from the 5th to the 40th hour; and finally there is the same rise when 
decomposition comes on. The second and third stages are obviously 


1 See especially Fletcher, This Journal, XXI.. pp. 27, 29, 68. 1898, 
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analogous in the two cases: the CO, and heat - liberations run parallel, 


at any rate after the 5th hour, As Fletcher’ says, the “normal curve 
of CO, discharge may be divided into three stages: the first stage 
extends over five hours and is irregularly declining, The second stage, 
the ‘plateau,’ is many hours longer and shows a very slowly declining 
rate of discharge: and again? “the sudden and final change of direction 


of the curve, showing a rapidly increasing rate of CO,-discharge, is 
_ invariably found to be accompanied by a distinctly putrefactive smell.” 


Of these three stages the third and last, that of bacterial invasion, 


need not be further discussed. It is an accident in survival life which 


has only the historical interest of playing a large and unrecognised 
part in the “muscle respiration” studied in the earlier work of Hermann 


and others. 


Fig. 2. Course of survival heat-production: mean of 23 experiments at 
„ average temperature of 15°5° C. 


Of the survival respiration proper, the second stage is that of th 


long “plateau” of CO, and heat-production steadily maintained for 


many hours, culminating in the mechanical changes of rigor, As 


Fletcher“ says “the maintained output of CO, marked the progress of 


a continuous chemical change, which only at a late stage induced the 


Opacity and stiffness of rigor.” The CO,-output was maintained under 


anwrobic conditions, it increased in air, and might be trebled in an 
atmosphere of oxygen, but in the atmosphere of oxygen the onset of 
rigor was prevented. The conclusion that the increase of CO, in the 


presence of abundant oxygen was the mark of the oxidative removal of 


a product causing rigor if unremoved was confirmed by Fletcher and 


* Op. eit. p. 62. | | 
4 Op. cit, p. 28. This tact is ‘also exactly what I have observed with respect to the 


of heat, 
This Journal, xxvut. p. 476, 1902. 
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Hopkins in their work on the lactic acid of muscle. The striking 
parallelism between. the plateau of CO output and the linear rate of 
lactic acid and heat-production (under anwrobic conditions) points very 
strongly. to their being due to one 121 the same process. This will be 
— below. 

With regard to the first stage of survival respiration, lasting for 
shoal five hours, during which the CO, and heat outputs decline rapidly 
at first and then more slowly to reach their steady constant values, the 
interpretation is more difficult. Fletcher originally suggested the 
_ hypothesis that this stage of the CO, discharge was due to three factors. 
“The bulk of the discharge is due to destructive processes going on 
within the muscle independently of the surrounding medium: that is 
to say the events causing the later CO, “ plateau ” were supposed to be 
present also during the first stage, in addition to the other processes 
yielding the extra OO,. In the next place he believed that part of 
the earliest discharge is of CO, already existing as such within the - 
muscle, and which escapes with the rest by diffusion outwards.” Since 
such diffusion can cause no appreciable heat changes, and since the same 
fall is observed in the heat-production as in the CO,-output, this factor 
cannot, as Fletcher believed, explain the general initial form of the 
curve, and it is probably of no importance. Finally he suggested that 
“the remaining part of the discharge is due to a process in which oxygen 
is absorbed from the air and CO, produced, and which is to be taken as 
an imperfect continuation of part of the normal process of respiration 
during somatic life.“ Audi in a later paper? he showed that the muscle 
could avail itself from the earliest periods onwards of a supply of oxygen 
in the atmoephere, producing a much larger yield of CO,. It is this 
last factor, in a modified form, which I believe to be one of the chief 
causés of the phenomena observed. It. should be noted that these 
hypotheses, and others which were considered and rejected, were put 
forward before the days when the brilliant work of Fletcher and 
Hopkins on the lactic acid formation of surviving muscles had made 
so many factors clear. 

It will be shown below that in all probability the long continued 
5 plateaus” of CO,- and of heat-production are due to one and the same 
factor, viz. the chemical breakdowns leading in the absence of oxygen to 
the liberation of lactic acid. We know however that these breakdowns do 
not oceur in. the presence of sufficient oxygen’, and Dr Fletcher en 

This Journal, p. 858. 1902, 
2 Fletcher and XXXv. p. 292. 1007. 
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with. me in believing that probably these processes are not at work, at 


any rate fully, until the first stage of declining CO, and heat-evolation 
is over. No large part of the CO- and heat - liberation of the first stage 


is due to the processes which are known to occur in the later stages. 


Thus of Fletcher’s three factors, the first cannot be of serious account. 
Of the second we may safely say that the very high initial rate of heat- 
production must go, during the first half-hour or hour after death, with, 
a high but falling rate of oxidative breakdown, the CO, of which is no 
longer eliminated by the blood stream. Hence, lagging. awhile’ after 
the beat- production, is a high initial rate of a wad to the 
excessive amounts of CO, collecting in the tissues, © . 

Frogs can live an hour or more in oxygen-free water, a thein 
tissues must therefore contain some amount of dissolved or stored oxygen. 
After cessation of the cireulation, the muscles continue for awhile their 
normal oxidative life · processes, using the oxygen still present in the 
tissues. The time relations of Fletcher’s curves seem to me perfectly 
to allow this extension of his view: it avoids also the difficulty of 
explaining how the CO, was initially: at so high a concentration 
immediately after death. To some extent the rate of oxidation in the 


tissus would be expected to depend upon the concenttation of the 


oxygen remaining there. Thus, as time goes on, the oxygen becomes 
exhausted, and the rate of oxidation (and therewith of heat: and ur 
falls along an exponential curve, . 

Of Fletcher’s. third factor, the remaining part of the . 
de due to a process in which oxygen is absorbed from the air and 
CO, set free, the experiments in Table III afford decisive evidence: 
undoubtedly the presence of oxygen can increase the rate of heat- 


production, and therefore of CO,-liberation, so it seems to me that. the 


whole description of the initial high value of the heat-production, falling 
rapidly to a much lower constant value, can be summed up as follows. 
The muscle continues, for about five hours at 155° C, to carry 
on the normal oxidative processes of life but at a declining 
rate, using oxygen already present in the muscles or oxygen 
‘which has diffused in from outside: and the initial rate of 
oxidation, immediately after death, is the same as—a‘ mere 


continuation of—that of life’ The gradually declining hature 


of the evolution of heat is due both (a) to the gradual 
exhaustion of the oxygen and. () to the gradual accamula- 
tion of waste-products, other than CO,, owing to cessation of 
the circulation: possibly also (o) to rk dec ve of oxidisable 
material. 
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Let us now turn to the further experimental evidence at hand. It 
was noticeable in the first place that the rate of heat-production in the 
initial stages was much more variable, from experiment to experiment, 
than that occurring in the later stages : even though the percentage error 
of observation is much greater in these later stages. This suggested 
that some arbitrary unknown factor was at work, such as the amount of 
oxygen dissolved in the water in which the frogs’ muscles lay. The 
apparatus is not suitable for experiments on the evolution of heat by 
muscles hanging in oxygen gas: in fact I doubt if any such apparatus 


can at present be made. It is necessary to have the muscles lying in 


salt solution in the flasks, in order both to calculate or balance correctly 
the loss of heat by the flask, and also to get an exact reading of the mean 
temperature inside. The experiments were therefore made as follows, 
and in all cases except Exp. I upon whole frogs unskinned. Ringer's 
solution, or water, was boiled and cooled, so as to boil off the oxygen ; 
and then one experiment was made with frogs in the oxygen-free water, 
and another experiment with frogs in the same water after shaking some 
time with oxygen. Water at 16°C. does not dissolve much oxygen, 
only about 32 cc. */,, but quite enough to show the characteristic 
effects given in Table III. It will be noticed that the initial evolution 


of heat is very largely increased by the presence of oxygen in the 


water. Further the experiments are the most accurate hitherto made, 


and one can be quite confident of the genuineness of the phenomena 


seen, Exp. I in the Table shows the same . of oxygen, but was 
| done i in a different way. 


‘TABLE III. 


Exe, I. This experiment is of a different kind from the rest in the Table. 


Five frogs killed, skinned, and left in oxygen 14 hours. Then thelr hheat-production. 


estimated immediately in the calorimeter at 16°C, Time in hours from death. H.-P. in 
cal. per c. o. of skinned animal per hour. 

Period beginning at 14 18 16 17 16 20 22 

endingat 15 16 17 1s © 72 410 

Rate of n. ... 19 10 0 06 6 £04 "06 
14 to 17 hours after death. 
3 Exrs, II. III. IV and v. Made on the same day with the same batch of frogs, ‘The 
possible error was 4.01 cal. per o. o. in every reading in each Exp. 


Exrs. II and III. In Ringer’s solution ‘saturated with oxygen, at 15° d. and 16° C. 


respectively. 
Period 4 6 10 20 30 4 
ending at „„ 94:4 6 10 20 80 40 43 
Rate of F., Exp. II 40 49 10 06s -045 037 035 082 087 
Rate of K. -., Exp. III 60 3 20 08 06 049 049 % 
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IV and V. In Or tree Ringer's solution at 15-95 C. and 15°8° U. 
Period beginningat.. 8 6 10 2 3 5 10 20 50 
cine es .. 61020 8 56 10 20 80 40 
Mate of IV 12 06 05 042 087 088 068 
‘Rate of ., Exp. V 15 -18 07° -058 046 -038 086 086 041 


Exes, VI and VIL. alive) oxygen two hours before experknans began. 
in water saturated with 0, at 165°C. : Exp. VII in 0,-free water at 16:5°0. 
Period beginning at. 1° 2 8 5 10 15 20 28 
20 £8 5 10 15 20 25 30 
mate ot 12 10 08 065 05 048 045 046 
Rats of -., Exp. VIE 057 044 002 082 081 031 084 038 


Exrs. VIII and IX. VIL in water with Oy at 14 0. 


Exp. IX. in Ortes distilled water. 


Period beginning at 5 10 2 4 10 20 
10 20 4 10 20 80 

Rate of n. -., Exp. VIII 20 #075 0 015 021 9027 

Rate of -r., Exp. IX ... 12 "05 02 #016 016 017 


Here from Exp. I, we see that immediately after removal from O, 
there is a much higher rate of H.-P. than normally occurs in muscles 14 
hours after death: it is only after removal from the O, that the second 
stage comes on, although in the absence of O, it would have been 
present ten hours previously. The oxygen in fact, which is known to 
prevent the liberation of lactic acid’, and the onset of rigor’, and 
nearly to treble the rate of CO,-output, keeps up the respiratory 


oxidative activity of the surviving muscle to a high level, and even 


after removal from the oxygen, the rate of H.-P. only falls slowly, 
i.e. in three or four hours, to the normal rate for the second stage 
of survival, With regard to the rest of Table III, it will be noticed 
that the presence of oxygen increases very largely the heat- 
production during the first few hours after death: but that in 


the later stages there is little or no noticeable difference. By the time 


the second stage comes on, the oxygen is practically exhausted however, 


as is shown by the following calculation. 


In the oxidation of carbohydrate 1 0. c. of O, produces 5-4 calories: 150 C. c. of water at 
16° CG, holds some 4°8 0. 0. of O, after shaking with O,: this quantity of O, is equivalent 
therefore to 26 calories. With 100 c.c. of frogs’ muscle in 150 c.c. of water this yields an 
extra heat-production of 26 calorie per gram of muscle: in Table III, Exps. II to V, just 
these quantities of material were used, and a short calculation shows that in the period 
‘8 hour to 5-0 hours the muscles in the oxygenated Ringer produced just about 80 calorie 
per o.. of muscle, more than the muscles in Or free Ringer. ne 


1 Fletcher and Hopkins, Op. cit. p. 284, 
Fletcher. This Journal, p. 479. 1902. 
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There can’ therefore be no appreciable proportion - of the initial 
oxygen left after five hours: if there were, Exp. I would show that the 
rate of heat - produetion would continue greater ‘than normal until this 
oxygen had vanished. This is entirely in accordance also. with the 
experiments of Fletcher and Hopkins’, who showed that at avy stage 
before rigor is complete, the presence of oxygen Apprecialy e * 
formation of lactic acid. 

Oxygen therefore can be absorbed through the skin, or directly 1 the 
exposed muscles, and used in every stage to maintain the activity of the 
muscles and to raise the rate of CO,-evolution, and the tate of heat- 
production: Even in the absence of external oxygen. there is already 
sufficient dissolved, or combined with hemoglobin in the tissues; to 
allow the muscles to keep up a — gradually 
chemical activity). 

The most interesting fact, therefore, shu’ the first s aie! in survival 
life, is that the metabolism depends on the presence of O, without which 
the muscles shortly relapse into the later stage of lactic-acid production, 
which ends in rigor-mortis. With sufficient oxygen the muscles would 
probably maintain a metabolism as high as during life, either until their 
stores of oxidisable material were exhausted, or until waste products which 
could not escape were in sufficient concentration to destroy the muscle 
mechanism. This shows the necessity of providing an oxygen atmosphere 
in physiological experiments upon surviving muscles. It is impossible | 
otherwise to prevent the onset of the pathological conditions arising from 
oxygen. 
We now come to the 3 stage of survival heat-production, the hii 
continued “plateau” lasting until the death of the muscle. If is of great 
interest to compare this, not only with Fletcher's “plateau” of CO- 
liberation, but also with the linear rate of production of lactic acid, in 
muscles left without oxygen*, This triple similarity of CO,, lactic acid 
and heat-liberation, in conjunction with the experiments upon the heat- 
production of rigor in the next section of this paper, has convinced me 
that these three processes really represent three sides of the game 
reaction. This reaction is the liberation, in the absence of oxygen, 
of free lactic acid from some precursor with the evolution of oe we 
have 


A. HL Heat, 

where A is some at present unknown chemical, body, and. HI. is ie, 
acid. The lactic acid, as soon as it is formed, combines with the sodium 
1 Op. eit. Fletcher and Hopkins. This xxxv, p. 272. 1907. 
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W of the tissues to form sodium lactate and CO,: so that CO, 
is liberated at a rate proportional to the Production of lactic acid. 
to this scheme we have, 

NaHCO, + HI NaL + +C0,, 


so that one molecule of lactic acid liberates one molecule of CO,. N ow 
according to Fletcher and Hopkins’, there is a possible production of 
lactic acid up to about 27 grm. / (36 % Zn-lactate) in frogs” muscles 
during the months of March, April and May. The muscles in the 
experiments which I have carried out at 16°C. have usually- been 
inexcitable in 36 hours after death: so that there must have been a 
lactic-acid production of about 000075 gr. per gr. of muscle per hour. 
This is equivalent in the above reaction to an amount ‘018 cc. of CO, 
per grm. of muscle per hour. In Fletcher’s original paper the Wicht 
of the frogs legs used were not recorded. In order therefore to obtain 
a comparison 1 have assumed an average weight, viz. 12 gr. for each 
pair of legs This number cannot be far wrong, and with it bie 
following results were obtained. 


TABLE TV. After Fletcher. CO,liberation in 0.0. gr. fog 4 
legs per hour, during the periods named. 

Exe, I, Fletcher, This Journal, xxi. p. 98. 1898. At 15 O. „ 

Period beginning at... 5 11 4 

of 00% liberation 048 030 022 028 07 020. 017 

Exe, 64. Fletcher, Ibid. p. 99. In nitrogen at 15—17°C. 

8 2˙2 4˙3 5˙8 


Iti is seen that the production of C0, i in the later stages i is strikingly 
3 to the amount of lactic acid that must have been formed. 
Where, from above, we should expect 018 c.c. of CO, per gr. per. hour 
we find 013 to 020. On the other hand, if we suppose the CO, in the 
later stages to originate from oxidative processes, then supposing, the 
oxidation to be that of carbohydrate the CO, formed must be calculable 
directly from the heat-production. From the average: heat-production 
at 155°C. calculated above“, assuming that the oxidation of 1 gr. 
carbohydrate gives 4000 calories and therefore that I calories 185 ¢,¢. 
of OO, we can obtain the The is per 
¢.c.* of animal per hour, at 155 

1 Op. cit. p. 266. p. 474. At normal mp. and prosre 
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ending st. 5 1090 8 5 10 2% 8 40 50 
Rate of O0,-production -057 026 020 0144 012 0098 0083 -O091 “0111 


It is seen that the numbers obtained in the later stages are decidedly — 
smaller than those observed by Fletcher: this is even more definitely 
the case, because undoubtedly the lactic-acid formation liberates a 
considerable quantity of heat (see the next part of this paper, on. the 
heat-formation in rigor) and this must be subtracted from the observed 
heat - production if we are to reckon how much heat is due to the 
supposed oxidative processes. Probably we ought to reduce the quantity 
of heat to at least a half by this subtraction, so that the above values 
of the CO, calculated from the heat are also to be reduced by a half. 
This makes the numbers so small that under no conditions can they be 
supposed to correspond to Fletcher's observations. The CO, in fact, 
in the“ plateau” stage, is not due mainly to oxidative processes, 
for there is too little heat to correspond to such oxidations. 
The equivalence observed between the lactic acid and CO, formations, 
in conjunction with many other facts, gives us very good grounds for 
- believing that the chief part of the CO, comes from the reaction between 
lactic acid and the sodium bicarbonate of the tissues. On the other 
hand, during the first hour or two, there is a very close coincidence 
between Fletcher’s CO, observations and the values calculated from 
the heat, on the supposition that both heat and CO, are due to the 
oxidation of carbohydrate. This further strengthens the view that the 
first stage is characterised by still surviving oxidative processes, : 
In further confirmation of these conclusions is the fact that Fletcher 
found? that in the first stage of the CO, output about a fifth part of it 
can be abolished by the removal of oxygen from the atmosphere, and 
this “is probably due to a respiration of the muscle substance con- 
tinuing that of normal life, but disappearing gradually as the changes 
occur which accompany loss of irritability and inaugurate rigor.” Even 
without a contemporary supply of oxygen from outside the earlier 
processes in survival life are oxidations: the later are, as 
Fletcher suggested, the same as lead finally to the phenomena 
of rigor. Further evidence for this view is given in the next part of 
this paper. In any case one thing is certain: the known liberation of 
lactic acid in survival processes not only may but must drive off CO, 
from its combination with sodium: and the amount of CO, so driven 
off must in any case be a large fraction of the n tp 


This Journal, XXVII. p. 855. 1902. 
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HEAT-PRODUOTION OF MUSCLES. 438 
this posnaction a farther point arises: may not the heat given out in 
the reaction, 

NaHCO, + HL NaL + Ho. +CO, (dissolved)' 


ic. the heat of neutralisation of lactic acid with sodium bicarbonate, be 
sufficient to account for all the heat-production of surviving muscles ? 
This question is discussed in the next section of this paper. It will be 


seen that, although such a heat of neutralisation must exist, it is 


insufficient to account for more than about 002 calorie per grm. of 
tissue per hour’. This is only about 4% of the quantity observed, so it 


may be entirely neglected. We are therefore reduced to the assumption 
that the heat-production is due to the reaction which liberates lactic 


acid: by this method we can calculate the total energy of the lactic 

acid precursor. This calculation can be dealt with better after a 

discussion of the experiments on the heat-production of rigor. | 
Finally we must treat shortly of the question as to whether autolytic 


or other unknown breakdown processes occurring in the muscle can 


be responsible for the evolution of heat and CO,, In the first place 


autolysis does not occur to any degree at such a low temperature as 


15°5°C.: and secondly in several experiments in which muscles were 
left for three or four days in chloroform water,—after undergoing 


_chloroform-rigor—there was never observed any positive or negative 


heat change. Chloroform water does not inhibit autolytic phenomena ; 


= so we may conclude that there is no appreciable heat-production due to 


autolysis, With regard to other possible reactions, we know as yet of 
none such, and until they are discovered we may argue on the 
assumption that the lactic acid formation is the chief 3 of 


survival life. 


Part II. THE HEAT-PRODUCTION OF RIGOR. 


(i) Heat-rigor. 


An investigation of the heat produced during the onset of rigor was 
made many years ago, both by Fick and Dybkowsky* and by 


‘Schiffer. In view of the experiences of later observers in this type 


: In the calorimeters the CO, will not eome out of solution appreciably if it does heat 
is absorbed. 
2 The heat of neutralisation of 1 gr. of lactic acid with NaHOO, is about $7 oslories : 


the production of · 000075 gr. of acid liberates therefore about 002 cal. 


3 Vierteljahresschr. d. naturf. Gesellsch, in Ziirich. 1867. 
4 Du Bois-Reymond’s Archiv, p. 442. 1868. N 
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of work the methods are of very doubtful validity: certainly however 
they established the bare fact that there is an evolution of heat during 
the onset of rigor. Fick and Dybkowsky first plunged a thermometer 
into a collection of muscles, which they then warmed very slowly on 
a water-bath. As the temperature rose the muscles became stiff, and 
after awhile were at a higher temperature than the bath. This proved 
that there is a liberation of heat; but the absence of any heat- 
insulating apparatus made them lose about 97% of the heat produced, 
so that their estimations are many times too small. Later they used 
a thermopile, one set of junctions of which was covered with a fresh 
muscle, the other with one already stiff. This they warmed in an 
incubator, and during the moments when the muscle began to go stiff 
always found a positive deflection of the galvanometer. According to 
their observations, the heat-production occurred only during the actual 
contraction and stiffening at the onset of rigor: this is not in accordance | 
with my experiments, which have shown that the gradual production of 
lactic acid leading finally to rigor, is responsible for the evolution of 
heat, and I believe the explanation of the difference to be that it 
was impossible by their method to warm the muscles uniformly 
throughout. The movements of the muscle during shortening brought 
the thermopile junctions into closer contact with warmer parts of the 
muscle, and hence thé only observation made was made during the 
shortening. The numbers they. obtained by the first method for the 
rise of temperature were: (a) frogs’ muscles: not greater than 03° C., 
(0) rabbits’ muscles: -23°C., results which are very much too small. 

_. Schiffer, working more carefully on much the same lines, found for 
the stiffening of fish-muscles a rise of temperature of 1“ C., which he 
compared with the rise of temperature of 0°5°C. in clotting blood. 
With the fish he found that the heat was produced before the stiffening 
began: with the mammal that there was a continuous evolution of heat 
during the whole period until stiffness came on. In opposition to Fick 
and Dybkowsky he concluded that the heat-production is not due to 
the change in the condition of aggregation of the proteins, accompanying 
rigor, but to the chemical processes preceding it. This conclusion, as 
a matter of fact, is exactly the same as the one to which we' are led by 

the experimental evidence given below: we know more eee now 

what those chemical processes are. 

5 Burridge and Scott! have pointed out that in 1 heat-rigor at 37°C. two stages of 
contraction occur, one half of the total shortening occurring rather rapidly at fire, and 


e Soc. Feb. 17, 1912. This Journal, IV. p. iii. 1912. 


‘ 7 * 
4 
* 
y 
by 
* 
; 
* 
* 
< 
on 
N 
3 
2 
2 
a2 
+ 
> ¥ 
7 


HEAT-PRODUCTION OF MUSOLES. 485 


the other: half more slowly and beginning only after ‘the first stage is almost complete, 
At 42° C. these stages are fused together and only one: contraction is seen, This I have 
been able to confirm. At lower temperatures such as 36° C. the onset of heat- -rigor is very 
slow:and regular; the shortening may not be complete for many minutes, On thé other 
hand at higher temperatures such as 42° C. and over, the shortening ensues and the rigor 
is complete almost immediately on raising the temperature of the muscle. Thus at 36° O., 
the shortening does not occur suddenly after several minutes exposure to the temperature, 
but continues from the very beginning. The same seems to be true of the evolution of 
heat, both in heat- and chloroform-rigor. The gradual shortening is presumably due to 
the action of the chemical substances (lactic acid especially) which, at lower temperatures, 
the muscle: and the arises from the 


The method 1 have 810 bor estimating the heat ‘produced in 
e is again that of the miero - calorimeter. Hot water is poured 
into one flask with its temperature 80 adjusted that when a measured 
quantity of cold muscles is thrown into it, the final temperature shall 
be approximately the same as that of the other hot water in the ordinary | 
control-flask. 
The muscles’ are 8 and their. temperature taken, water at 
about 36°C. is poured into the control flask, hot water adjusted to the 
calculated temperature is poured into the experimental flask, and then 
when all is ready the muscles are thrown suddenly into the’ hot water : 
the experimental flask is then stirred vigorously for about two ininutes, 
until the whole of its contents are at one uniform temperature 
throughout. Readings of the rise of temperature are then made with 
the thermocouple and galvanometer as before. The temperature is 


usually adjusted to be the very lowest possible temperature which wil! 


cause the complete development of rigor within about one hour; for 
thereby the processes leading to rigor our slowly, and no great 
error is caused by the impossibility of making readings in the first 
three or four. minutes. It is in fact absolutely impossible to. obtain 
reliable readings within the first few minutes: the muscles, however, 
well stirred, require some little time in order to settle down uniformly 
to the same temperature as the water and the walls of the flask.’ As 
mixing goes on, the readings decrease rapidly at first, owing to cooling 
of the hot water by the cold muscles: when however there is a uniform 
temperature throughout the flask the readings increase slowly, because 
of the gradual liberation of heat by the muscles. I have generally 
aimed at securing a temperature of about 35.5 C. in the experimental 

‘flask, in which case rigor is usually complete in from 40 to 50 minutes. 
Ik the temperatare i is a degree or so higher there is a considerable error 
due to the unknown * of heat liberated in the first few minutes; 
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it the temperature is from 5 to 1. C lower the rigor comes on 80 seni 
that the method is rendered invalid for the following reason : 


It is impossible to balance exactly the constants & of heat-loss of the two flasks : the 


error caused by the slight inequality is proportional to the difference of temperature 


between the inside and the outside of the flasks. For long periods therefore one tries to 
work at or near room-temperature: with a difference of temperature as great as 20° C. the 
errors become very large if we extend the observations beyond an hour. 

At the end, in all the following experiments, the muscles have been 
perfectly stiff, exhibiting all the phenomena of rigor. 


I have found by experience, and possibly the preceding desoription ; 


will show, that these experiments are exceedingly difficult to make: 
they require great quickness and care in manipulation, and continual 
arithmetical calculations during their course, in order to secure that the 


final temperature of the mixture should be about 35˙5 C. when cold 
muscles at one temperature plus hot water at another are poured into 
a flask at still another. Further the quantities to be observed are 


exceedingly small if one requires any high degree of accuracy. It 
would be tedious to use the method for an extended series of experi- 
ments: for the further development of the subject therefore I adopted 
the use of chloroform-rigor at ordinary room temperature. In Table V 


however are given a few of the experiments done in connection with 


heat-rigor, showing as they do fairly accurately the actual value of the 
heat-production, and proving quite definitely that the heat-production 


precedes the actual final onset of rigidity. The effects of _— we 


ie on the production of heat also are described. 
TABLE V. The heat-production of heat-rigor. 


Exr. I. Ten small summer frogs=92 c.c. pithed and used whole for the experiment: 


the frogs were tipped into 158 0.0. of hot water, so that in five minutes the temperature 


O. Time in minutes, readings in soale divisions. ‘The results 


are plotted in Fig. 8. 

Sime 5 6 8 10 12 14 16 19 
Reading 258 251 242 228 216 207 196 164 
Time 22 25 31 35 39 67 
Reading 1 1 10% 100 ss 


Thus heat-production in heat-rigor of whole unskinned frogs is therefore “69 cal. per c. e. 


Exps. II to V. Fresh summer frogs, pithed, whole, unskinned, put into rigor at : 
C., 85° C., 36° CO., 86°19 C., respectively. Heat-production per c.c. of frog: 0°59 cal., 
0°74 cal., 0°62 cal., and 0°6 cal. respectively. 


(VII) Fresh autumn 
tissue 
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rs. VIII to X. Autumn frogs, damaged by mechanical’ 
Heat · prod uotion of rigor per of tissue: ios 


rs. XI to XIV. 
hour or more. Heat production of rigor per 0.0. of tissue : “44 cal. (qnly 20 min. stimm: 
lation), cal. (legs only), 18 cal, -09 cal. respectively. 


Experiments similar to of Table v but more 
worthy in nature, have been done by the use of chloroform-rigor instead 


Mig. & Evolution of heat in heat-rigor at 35 · 1 C.: readings (negative) in scale-divisions ; 


Exp. I, Table V. Note that the heat is given off gradually, and that the rate of 
in linear. 
the full discussion is reserved till then. From . experiments 
however we see that: 3 
(a) The heat-production of heat-rigor i is not an ‘accompaniment of 


: the final stage, the coagulation and stiffening, but starts (see Fig. 3) 


from the moment when the temperature of the. muscles is raised. It is 


due to the chemical processes preceding and causing the shortening, as 


Schiffer believed, These are presumably the same as are seen in the 
second stage of survival life without oxygen, viz. the liberation of lactic 
acid from some precursor. This process is, as we should: — 

quiekened many times by the rise of 20 C. f 
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gered of frog unskinned, is about 0°7 cal.: for autumn (October) a 

: it is about 1˙1 cal. 

(e) Mechanical injury and survival after death cause a leasening of 


Cf. e.g. Exps. VIII to X with Exps. VI and II. 85 
(d) Fatigue due to previous stimulation causes a lowering 1 the 


value of the beat- production in rigor, inasmuch as tetanus causes a 


uction of lactic acid in the muscle. If the heat is set free by the 


production. of lactic acid from some precursor, then the more the lactic 


acid previously produced the less should be the heat set free in rigor, 
i.e. in the breaking off of the rest of the lactic acid. 


The very low values however recorded in Exps. XI to XIV should 
not be altogether trusted: rigor is more quickly set up at 35°5°C. in 
a muscle already fatigued, and probably in these experiments appre- 
ciable quantities of heat have been set free in the first five minutes 


during which they could not be recorded. 


All these facts are entirely in accordance with the belief that the 


heat is liberated by the production of lactic acid from its precursors. 


We have mentioned before the possibility that some, if not all, of the 
heat might be due to the neutralisation of the lactic acid by the sodium 
bicarbonate of the tissues. Fletcher and Hopkins! have shown that 
under all conditions rigor is accompanied by a liberation of lactic acid: 


there must therefore be some heat due to the combination of the 


lactic acid with the soda. How large is this production of heat? 


According to the Chemiker Calendar, 


| Na,CO, + HL 2NaL + H,O + CO, (dissolved) + 6500 calories. 
And 


@NaHCO,+ 2HL—+ 2NaL. + 21,04 200, (dissolved) + 4800 calories. 


From these one may deduce that the combination of 1 gr. of lactic 
acid with Na, OO, liberates 36:1 calories, and with NaHCO, 26:7 calories. 
As however the conditions of concentration and the like were not stated, 


and as I could find no references to the original determinations, 
1 repeated the experiments under conditions 9 1 directly upon the 


problem ‘i in hand. 


‘The percentage of lactic acid in the rigid muscle is from ) 10: 4 %, Small.accurately 
: weighed quantities of pure dry Na, O0, were added to lactic acid of about this strength in 
a Dewar flask: the rise of temperature on stirring was noted with a Beckmann thermo- 


meter. The heat of solution of the Na, OO, was estimated similarly in the same flask by 


adding 0,00, to water instead of to Nate acid solution Te difference gare the beet 


1 Op, eit. pp. 265, 266, 
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HEAT-PRODUCTION OF MUSOLES. 489 
of combination of lactic acid and sodium tarbonate at concentrations which are the same 


ap those existing in the tissues, The mean of five exps., all within about 10?/, of one 


another, was 87°8 calories for the neutralisation of 1 gram of lactic acid: this is quite 
sufficiently close to the value 86-1 derived above. Thus the complete saturation of ‘84, 
about 121°C. 


~ Seeing that the alkali is almost certainly NaHCO, and not NO. 


because of the excess of free OO, in the tissue, the rise of temperature 


which can be due to the neutralisation of the lactic acid in a muscle 
cannot be much greater than about ‘07° C. There is, moreover, in- 
sufficient NaH OO, to saturate all the lactic acid formed up to 8%, : 

the possible rise of temperature must, therefore, be still further reduced, 
say to “05°C. Thus of the 6 to 10 cal. per gram produced in heat- 
rigor, not more than 05 cal. is due to the neutralisation of lactic acid 
with carbonate. The simultaneous liberation of CO, from the NaHCO, 


is however quite sufficient to explain Fletcher's results on the 


evolution of CO, following heat-rigor. He found? that heat-rigor is 
followed by “a large outburst of CO, amounting to about 30% by 


volume (of muscle substance)”: the lactic acid (3% formed, if it were 


completely neutralised, could account for about 74% by volume, and 
must account for a large fraction of this. Thus the reaction 
liberating lactic acid is accompanied by an evolution of heat, 
and the CO,-production of rigor is due is the e 98 
the acid with carbonates. 


05 
The fact that the rigor induced by chloroform in frogs’ . 


accompanied by a development of the same quantity of lactic acid as is 


heat-rigor was shown by Fletcher and Hopkins“: and that the yield 


of CO, from an excised frog’s muscle is largely increased by the same 


agent was shown by Fletcher“ This makes it very probable that 
the processes culminating in rigor (1) under the action of a high 
temperature and (2) under the action of chloroform are the same. This 
view is supported strongly, as is shown below, by the identity of the 
values of the heat-production in the two cases, and also by the fact that 
anmrobio survival and fatigue reduce the liberation of heat in both, 

Since the experiments upon chloroform-rigor are relatively easy, and 


with care the results of considerable accuracy, the heat-production of 


1 This Journal, xxi. p. 93. 1898. 
Ibid. xxxv. p. 266. 190. Ibid, xm, p. 50, 1808. 
| 32—2 
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chloroform-rigor is a very valuable tool in pushing further back our 


knowledge of the chemical processes going on in a muscle. The method 
adopted is as follows. Using the micro-calorimeter, the muscles (whether 
skinned or unskinned') are placed .i in one flask in Ringer, and water at 
slightly higher temperature (say 0°2°C.) in the control flask. When all 
has been well shaken up, so that muscles, Ringer and the inside of the 
flask are all at identically the same temperature, the thermocouple is 
introduced and some 3 or 400. of chloroform is let in from a pipette. 


The muscles are then stirred ‘vigorously for 20 seconds, the flask is 


stoppered with a cotton-wool plug, and the first reading is taken, 
Shortly. the readings begin to increase, owing to the action of the 
chlorofarm, and observations are made at intervals for one-half to three- 
quarters of an hour until finally a constant reading is again obtained for 


several minutes. Rigor is then complete. The time required for this a 
process depends upon the temperature, upon the presence or absence of 


the skin, and upon the size of the frogs: at 15°C, for ordinary frogs’ 


legs, skinned, it is about 30 to 40 minutes. The time between the 


introduction of the chloroform and the taking of the first reading is so 
short—in contrast with the corresponding stage in the heat-rigor 


experimente—that no appreciable change can have taken place in it. 
There is usually no appreciable change until 1: 5 minutes after taking 


the first reading. If care is taken that the control flask is initially 
about 0°2°C. above the temperature of the muscles, the final reading 


is about zero and is rapidly reached, so that no correction need be 
applied for the heat lost by conduction during the experiment. For 
this purpose as’ for many others, the differential micro-calorimeter is 
far simpler to use than one might expeot from reading the geueral | 
description: with a little ingenuity it is often possible, in sos ap 


— to avoid any allowance for heat - loss. 


Inu Table VI are given experiments dealing with the course of the 
exalution of heat under the action of chloroform. 


portions at the joints, in order that when rigor comes on the limbs, which will then be 


stiff and straight, shall not be sticking out of the Ringer’s solution. If this latter is 
allowed the readings obtained are variable and inexact, because the heat given out by the 
kme no longer under the water is not communicated quickly to the water. Of course 


a 1 Skinning increases somewhat the velocity with which chloroform induces rigor: ie 
skin compared with the muscles is relatively impermeable to chloroform. The increased 


| velosity due to skinning is an advantage, both for nxcouracy and the saving of time. 
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-vitiated by the possibility of much heat being set free by the injury: fore Mies 420 


Exp. I. Autumn frogs, 41 0.¢., quite fresh, skinned. at in 
200 d. o. Ringer. 100 6.d.=-828° C. 2.16 calories per 0.0. of frog. 
Time: mins. 1 2 8 4 3 6 75 9 11 445-19 295 27 825 41 47 
| Reading: d. 0 0 2 6 9-138 16 18 22 26 81. 88 . 36 89 885 .88°5 
e e Results shown in Fig. 4. 


Time:; mins. 20 ~ 20 d 64 78 
~18 =15 -11--7 47 18 16 
H.-P. cal. per of frog, 


. 


Exps. I, II and III, Table VI. 


100 s.d.=1-19 cal. per.c.c. of frog. Results in Fig. 4. 
4.6. 10 15 20 95 80 85 40 47 


-98 -98 -15 -8 +5 15 20 27 90 S15 83 
Total H.-P. = 0°81 eal. per ae. | | 

Time; mins. 2°8 11 106 18 22 27 31 38 86 

Reading: 4. -6 +18 +16 18 20 28 2 * a * 
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fogs, severely skinned and let in oxygen to rooven, 


Time: mins. 2 8 11 88 48 
Reading: sd. 64 -68 -59 -54 -5 -1 0 
Total u. -v. 077 cal. per d. o. 


Br. VI. Winter frogs, fresh, skinned. Chloroform-rigor at 21 C. Results in Fig. 5. 


‘ime: mins. 1 46 8 105 195 19 2756 30 385 
91 -88 81 71 64 56 50 46 86 


5 Total u. v. 0/7 cal. per 0. 0. 


E VIL Winter frogs, fresh, skinned. Chloroform-rigor at 10-85 O. Readings in 


s.d. corrected for heat loss. (The experiment was 80 prolonged that a small correction 

was necessary.) Results in Fig. 5. : 
Time: mins. 10 656 10 16 20 80 40 50 60 80 100 
‘Reading: 8. d. -10 +1 +14 24 82 41 49 55 59 63°5 645 


Total K. -v. eal. per o.. 


s Be S 8 


30 4% CO YO bo 


Fig. 6. Evolution of heat in chloroform-rigor: to show effects of 
Exp. VI at 21° O. rises much more rapidly than Exp. VII at 10°5° C. 


In the shove Table are given the time-relations of the deten of — 
beat by chloréform acting upon muscle. The absolute values will be 


discussed later. Curves of the evolution of heat are given in Figs. 4 


and 5. There are two possibilities with regard to the prolonged time 
taken by chloroform to act upon muscle: these are: (a) the chloroform 


takes some time to penetrate into the muscle: or (b) the time is taken by 
the chemical reactions set up by the ehloroform in the muscle substance. 
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In either cise we should expect a curve of the type shown in the 


‘figures, a type which is generally referred to as “exponential.” To 


compare’ the velocity of the reaction’ it is best with these curves to 


 taleulate the time required to reach some fixed fraction of their total 


riss: two-thirds of their total rise is about thé best fraction to take. 
The times taken in Exps. I to VIE for the evolutions of heat to reach 
two-thirds of their full values are, respectively, 14°5; 12'5, 16, 15, 16, 12 
and 29 minutes. ‘Thus the velocity of the action of chloroform is 
appreciably the same, except in Exp. VII where the temperature was 
some 7 O lower than in the other experiments. This constancy is 
observed im the three separate cases of frog’s muscles (a) fresh, 
(6) fatigued, and (o) fatigued and restored with oxygen: With variation 


of temperature, however, the velocity of the reactions causing the heat- 


production i is very largely affected. It is increased about 2°5 times for 
a rise of 10°C. The chloroform must take some time to diffuse into the 
muscle: if the rate of heat-production i is governed by the rate at which 


the chloroform diffuses in, then the high temperature coefficient would 


suggest that the diffusion depends rather on the power of chloroform 
to combine with living tissues (and hence to penetrate exe than 
upon purely physical factors. 

the heat- production is net a purely physical 0 or chemical 
consequence of the absorption of chloroform by, or the combination of 
chloroform with, constituents of the muscle, is shown by the fact that 


the heat is evolved only when chloroform is brought in contact with ~~ 


living muscles. With dead muscles absolutely no evolution of heat i is 
observed. 

We shall proceed next to a discussion of the actual quantitative 
results obtained. Experiments have been made upon frogs’ muscles 
from freshly killed frogs, both in autumn, winter, spring and early 


summer. Additional experiments were made upon the heat produced 


by the action of chloroform upon (a) worms and (6) frogs’ guts. The 


results are given in Table VII. In this and subsequent fables some 


experiments were made upon legs only, others upon whole frogs :. some 
upon skinned and others upon unskinned animals. The numbers obtained 
per cid. of unskinned animal are afterwards “ oe 5 to wales per cc. 


of skinned animal, by multiplying by 12. 
Taking an average of all the experiments in Table VU, it is seen 


| that i in freshly killed frogs the development of chloroform-rigor leads to 


me Obtained by measuring the volume of frogs before and after skinning. It is assumed 
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aii eudlution ‘of beat of about 0.8 cal. per ac df frog. This in 
thé samme us the average of all the values recorded in Table V for the 
heat-production of heat-rigor, which; reckoned per c.c. of whole skinned 
animal, is about’ 0-89 cal. The coincidence of these values, together 
with the fact that both may be réduced by fatigue and survival after 
death (cf. Table V with: Tables IX and. X) suggests very strongly that 
we are dealing with exactly the same reactions in either case. The 
chemical: processes: set up in the muscle by a temperature of 36°C., 
which must be largely the same processes as occur more slowly at 20° C., 
are the same as the. processes induced in a muscle by chloroform. All 
these end in'the. production of the same ol acid, and 


TABLE vn. of 
PPT 
Autumn frogs (Nov.) freshly killed. H.-P. 
(0) Legs only: 1˙1 lt 
6 Winter frogs (Feb.) freshly killed. H.-P. 
(a) Whole animals: 81 cal. (17° C.), 
Legs only: 1-0 gal. (11°C. ),;-75 cal. (12° C.). 
‘Spring frogs (May) freshly killed. H.-P. per skinned: 
Frogs’ guts, three hours after death. 
(v) ‘Worms, H.-P. Per 0.8. ll... 


It is notieeable that the results given in Table VII are 1 5 
variable > this may be caused i in small part by experimental error, but 
in the main the variations are too large to be due to this cause. They 
must be due to the variable conditions of the frogs used. Fletcher 
and Hopkins* showed that at different times of the year, and with 
different batches of frogs (in different states of health and nutrition), 
the quantities of lactic acid obtained by rigor might also be very 
different, If the evolution of heat is due to the reaction Which 
liberates lactic acid, then if the lactic acid maximum is variable for 
different batches of frogs the total evolution of beat also should be 
variable, 

It is oli oak to record also that e produces « a noticeable, 
- though smaller, evolution of heat i in the reactions it 1 in worms 
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or in:frogs’.gute: presumably therefore it acts untried 
in the ane way upon striped. 


There is one more point to be noted, in e with Tables VI 
sal VII: the total heat-production in ‘rigor seems not to depend upon 
the temperature—at any rate between 10 C. and 21° C. of the muscles 
during the onset of rigor... The absolute maximum of e 
is independent of the temperature. 

Let us turn next to the effects of anion 8 tor Jong . 
alia death, and to the effects of fatigue, in. lowering: the amount of 


heat evolved during chloroform rigor, These effects ars exactly analogous 


to the production of lactic acid observed by: eee and e ta 


“TABLE vm. of lng prods in the 
.. heat-production of chloroform-rigor. 


various times between Oct. and Feb. ‘ Heat-production of chloroform-rigor reckoned in 
calories per o.c. of tisgue, skinned. Survival periods in hours. During these periods of 
survival the legs, or the intact pithed frogs, were left unskinned in air of in Ringer's 
— Ot about 80 expe. made 22 are given 


| Period of sitvival 
— —- 166 16 16 16 15 105: 15 

10 7 11. 10 % 92; 82 

Numberofexp. 12 18 4b 16 17 16 19 20 21 22 

Period of survival 10. 16, 

Temp.ofsurvival 15 12 125 105 16 1 16 2 Bb HU. 

H.-P. of rigor ‘10 7 * 40 2 382 


From Table VIII we see shat, in 3 left in air or in Ringer 
the heat - production ol chloroform-rigor. remains appreciably 


constant up to about the 6th hour: after that it falls slowly and 
continuously for about two days, until it reaches zero, when the muscles 


have become completely inexcitable. The very variable results obtained 
are in part more apparent than real. The experiments were at various 
temperatures, and only experiments at the same temperature are 


directly comparable. The rate of lactic acid production. is much less at 
lower temperatures. Further, owing to scarcity of frogs, after the hot 


summer of 1911, it was impossible to make very many experiments on 
the same batch of frogs: for each of these 22 experiments required , 
about 10 frogs, Hence the experiments were made at various times in 
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the untumm aud winter upon many different lots of frogs: This in part 


explains the variable results obtained : the animals used were im various : 


conditions of health and nutrition. Farther; I was at the time unaware 
olf the great effect on survival life exercised by atmospheric oxygen: 
Apparently even traces? of oxygen can be absorbed by surviving muscles, 


and used by them to binder the liberation of lactic acid and the onset — 


of the processes leading to rigor. In nearly: all these experiments 
a certain variable’ amount of oxygen could. come im contact with the 


muscles during the survival periods This accounts in part for the 


variable results obtained: it also explains why the heat-production of 
rigor falls so ‘slowly with time. The constancy of the H-. of rigor 


during the first six hours is entirely in accordance with the results 


described in the first part of this paper. The large, but gradually 


falling survival heat - production during this period was credited to the 


oxidative processes which continue until all the oxygen is exhausted. 
So long as there is still oxygen present there is little or no formation of 
lactic acid, so that the amount of lactic acid (and therefore of heat) 
_ actually liberated by the action of chloroform, at any moment within 
the period, remains constant. After this however the H.-P. of rigor 
begins to fall, According to the hypothesis put forward in this paper, 
the heat-production in the later stages of survival life is due to the slow 
development of the same processes as occur more rapidly in the onset of 
chloroform- or heat-rigor. If this is so, then the decrease of the H.-P. of 


rigor during any period should be equal to the total beat liberated by 


similar surviving museles during the same period. If, for a given batch 
of muscles, H. be the heat-production of rigor at time ¢ then the 


total liberation of heat by similar surviving muscles during any time 


(j= ti should be Hi — Hu. Now, as a matter of fact, this is not so far 


from being the ease even im these experiments. We know that for 
muscles at 157 C. after about the 6th hour there is a steady rate of 


survival heat-produaction of about 045 cal. per c. per hour. Supposing 


that this diminishes at the rate of about "045 cal. per hour, we should 
obtain the following calculated resulta. The observed results given for 


whieh survival life went on at or near 15° C. ; 5 e 


that the H.-P. of rigor at the end of the 6th hour is about 10 cal., and 


comparison are those only which are directly e 
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Calculated H.-P. of 1 78 23 20 0 0 
Observed H.-P. of rigor 59 72 0 

4 Mean of three observations. 

1 K. Fleteher aud Hopkins cit. p. 272 (to 
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> The. H- Y. of rigor diminishes therefore at a rate which is of the same 
tis of quantities as the already determined rate. of survival. heat- 
production. Seeing the many causes of variation which have beset the 
experiments in Table VIII these results are all we can expect. The 
fact that in nearly all the experiments oxygen was not cut off from the 
muacles, would cause the processes leading to rigor uot to develop quite 
so rapidly as under quite anwrobie conditions. Further the value 
assumed above. for the rate of survival H-P., viz 045 cal. Per an per 
hour, is possibly slightly too large owing to the inclusion in it of the 
heat due to a certain degree of still continuing oxidation. It was seen 
to be desirable however, when the point at issue had been made clearer 
by other experiments, to compare the rate at which the H.-P..of rigor 
_ diminished under absolutely anzrobic conditions, with the rate of 
survival heat-production. The —" ‘experiments were therefore 


TABLE IX. Decrease of H.-P. wer empty 
anrobio conditions. 


large quantities of frogs were used, in order to ensure accuracy,  . s oy 
per o. d. of frog. 
100. H.-P. of rigor (estimated at 18° C.) = 50 cal. perc.c,.offrog, | 


Ear. II. ein ld 28 hor fr dt, ate a 
16 0. H.-P. of rigor (estimated at 185 C.) O0 cal. 


Thus the rate at which the H.-P. of rigor (assumed to be ial 
6 hours as at 0 hours survival) diminishes with time between the 6th and 
14th hours is ‘53/8 = 066 cal. per c.c. per hour: and between the 14th and 
the 23rd hours it is not less than 50% = 056 eal. per cc. per hour. 
These two quantities are strikingly the same as the rate of survival H- T. 
at 16° C., which is about 053 cal. per c.c. per hour. Thus we may say 
there are good grounds for believing that, if all action of oxygen is 
eliminated, the rate of survival heat-production is the same as 
the rate at which the H-. of rigor diminishes with time. The 
heat-produetion of surviving muscles in the second stage of survival is 
due to the same processes as lead, under the action of chloroform or heat, 
to the development of rigor. . 

We shall discuss next thie effects of fatigue: Shortly after death the 
frogs or the frogs’ legs used were stimulated by strong induction shocks 
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for periods varying from 4 to 1'7 hours, The current based throngh 
a2 “chain” of legs, or of whole frogs, connected together in series by 


pieces of copper wire, After skinning the muscles were, used for the 


chloroform-rigor experiments. Either whole frogs (marked in Table X 


with an asterisk) or legs alone were used. 8 a few — e 5 


115 


in chloroform-rigor. 


animals. H.-P. in of or 


Number of 1 2 3 4 5% 8 9 10" 


Duration ot tetanus 4 56 5 7 7 9 10 10 10 10 13 16 17 


Total H.-P. of rigor -72 “68 -86 4 7 87 4 6 -41 38 3 


| The variability of the results shown after shorter stimulation is due partly to the | 
variability of the frogs used, and partly to differences in the strength of thé stimulating — 
current. | 


From ‘Table wo non and continued stimulation leads to 


a large fall in the total heat- production of the processes leading to rigor 


under the action of chloroform. Fletcher and Hopkins showed that 
fatigue is always accompanied by a liberation of lactic acid. In the 


fatigued muscle therefore there is less lactic acid to be set free by the 
action of the chloroform; and consequently less heat. This further 
substantiates the view that the production of heat is due to the process 


liberating lactic acid. There is a further fact to be noticed. If-surviving 
muscles are left long enough before being treated with chloroform, no 


heat may be set free—the full amount of lactic acid has been produced. __ 
On the other hand; so far as I have seen, no amount of excitation will 
ever reduce the H.-P: of chloroform-rigor to less than about one-half of its 


full value. In the last two experiments performed, one hour stimulation 
reduced the H.-P, of rigor from 77 cal. to 32 cal. while further stimulation 


for 7 hour (of other members of the same batch of muscles) had abso- 
lately no effect the value was 33 cal. after the extra stimulation. In 
Exps. 8 to 13 in the Table the results given are uniformly about 0˙4 cal. 


per c. d. This is in striking agreement with the observation of Fletcher 


and Hopkins’, that whether stimulation is (within limits) short or long, 


by the nerves or direct, the production of acid by fatigue can never be 
made to exceed certain limits, about 50°/, of the maximum. Out of a 


possible production of 32 to °54°/, in rigor “the highest yield (in 
oy. cit. p. 279 . 0. ett. p. 280. Beckomed as Zn-lnctate. 
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fatigue) was ‘28 %, the lowest 147 , and 13 of the Geterminations 
lay between the limits 18 to 25 %,.” : 
The hypothesis that the lactic acid liberation f is what accounts for 
the evolution of heat is thus confirmed, not 
quantitatively, 

The last, and perhaps the most striking evidence is aflorded 5 


observations on the effects of oxygen. It was known (a) that oxygen 


prevented the liberation of lactic acid during long survival periods !, and 
(6) that oxygen removed, or reinstated in its previous position, the lactic 


acid which had been liberated by fatigue*. Exactly analogous phenomena 
I have found to be true for the u.-p. of rigor. In surviving muscles left 


exposed to pure oxygen for long periods, the H.-P. of rigor does not 
diminish : in fatigued muscles, exposure to pure oxygen for 8-10 hours 
restores the H.-P. of rigor to its previous high value. The evidence for 


this is given in Table XI. 


“TABLE XI. The afte of ene or to ite 
original value the development of heat in rigor. , 


(i) Survival. The muscles (frogs’ 
original value of the H.-P. of rigor was not taken: e acs ecehmeniaias 
about 96 cal. per 0. o., the average value for frogs’ legs. 

Period of survival in O, 75 16 17 20 
H.-P. of rigor, beginning 70 

: H.-P. of rigor, at end 10 “70 8 1˙1 

Had it not been for the Os the value in the fourth exp. would have been about zero, 


40 


were skinned, and hung in pure oxygen in a bottle, usually all night for a period of about 
15 hours. ae 


Number of exp. ... 
(96 (96) 81 77 
H.-P. of rigor: ſatigued 68 36 386 41 82 


H. of rigor: restored in O, 14 


From these experiments we see that oxygen possesses the power 
(a) in surviving muscles of maintaining at its original value and (6) i in 
fatigued muscles of restoring to its original value the total H.-P. of rigor, 
This is again exactly analogous to the phenomenon described by Fletcher 


- pcan cosas who showed that oxygen would, in some way, get rid of 


and Hopking ‘Op. cit. p. 269. 
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the free lactic acid in fatigued muscle, but that. nevertheless the total 
store of lactic available on 1 the ‘of heat-rigor 4 is 
4 

from fatigue on leaving the muscles in oxygen, this estimation of the 
heat-production of chloroform rigor is far simpler to perform than the 
estimation of the lactic acid formed. For further investigation on 

| 


hat prin by the atin of fr 


on muscle, 


Fairly dilute alkali, say 1% NaOH, 
very short time. Under its action a certain amount of heat is evolved, 
more than under the action of chloroform. The experiments are done in 
exactly the same way as those with chloroform: instead of the latter a 

little strong NaOH (2 or 3 cc.) is introduced and the heat- production 
after the first half minute observed. If we assume that the soda first 
liberates the lactic acid and then combines both with it and with the 
free CO, in the tissues, the * are very simply correlated —_ 
those already observed. 


‘TABLE, XII The HP. 


T)and Te wore made upon muscles of the same 
 Exps. I: a, b, ane Alkali acting direct on muscles. H.-P. in cal. per 6.0. of 
tissue, skinned. Of. with Exps. II, a, ö, e and d, 
xs. II: a, b, e and d. Obloroform acting on similar muscles. 

Exrs. III: b, e and d. Alkali acting on muscles, n len with chloroform. 


Number of exp. 4 5 5 

BP 11 176 1.7 13 
H.-P. II 8 oak 
H.-P. III 26 8 


Exr. IV. Alkali acting on muscles already put into heat - xigor. | 
(a) Teal. () 14, 1.4. 15, rigor at 88. C. (a) 
(e J. heat-rigor at 

From these experiments we see that the following relation te 
eee true: (H.-P. under action of alkali direct) = (H.-P. of 
chloroform-rigor) + (H.-P. under action of alkali of muscle already rigid ; Le 
after chloroform). The values of the left hand side of the equation in 
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Exps. (6), (e) and (d) are 15, 17 and 1-3 respectively and the values of 
the right hand side 1°4, 18, 1-1 respectively. The strong alkali seems to 
eause the same breakdowns in muscle as does chloroform, and then 
to combine with the products formed. If. 4% lactic acid’ in muscle 
were to combine with free alkali, there should be produced approxi- 
mately 6 cal. per 0c. of tissue. The heat produced by nnn 
of CO, with alkali also is considerable. a 

Farther with reference to Exps. IV, it is known! that the 5 
of heat-rigor (or rather of muscle coagulation) at higher temperatures 
is not accompanied by 80 great a liberation of lactic acid as at low | 
temperatures: the lactic acid is, in some manner, “fixed.” This may 
* explain why the heat produced by alkali acting on muscles put into 
heat-rigor at 55° C. and at 75°C, is: less than — 
heat-rigor at 38 to 40 C. 

These experiments were not carried any further, ate it was 
obvious that a very large proportion of the heat might come from the 
combination of the alkali with the more or less unknown amount of CO, 
dissolved in the tissues, ‘So 
observations. 


‘Discussion or RESULES 


seems inevitable from all the experiment given 
sae: vin that both in the later stages of anmrobic survival life, and 
also in chloroform- and heat-rigor the production of heat and the 
liberation of lactic acid are due to one and the same chemical reaction. 
For under all conditions they seem to vary together. The further 
development of the subject rests on more hypothetical grounds. As 
suggested above the estimation of the heat-production of rigor may 
give us some evidence as to the nature of the chemical body whose 
breakdown liberates lactic acid and heat. To take a definite case, let 
us suppose that lactic acid originates from dextrose. So far as we 
know there are no products of the changes leading to rigor other than 
‘lactic acid: hence it is natural to assume that 1 gr. of dextrose * 
down inte 1 gr. of lactic acid according to the scheme, oe : 
Now the heat of combustion of dextrose is known : 3 Landolt 
and Börstein we find three estimations by different observers, viz, 
8762 gr. calories per gr. and 
sad Hopkins Op. eit. p. 267. 
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Kalendar. the valae 3766. Tn’ the latter we. find also the beat of 


combustion of lactic acid, via. 3658 cal. per gr. Thie difference between 
these two must be the heat given out in the suggested transformation 
of dextrosé into lactic ‘acid. “Assuming the value for lactic acid to be 
correct, and the largest value for the dextrose, we find that the heat of 
transformation of 1 gr. of dextrose into lactic acid is only 107 calories: 
assuming the smallest value for the dextrose it would be only 34 
calories. Now never more than 0°4 75 lactic acid seems to be liberated 
in muscle, te. 004 gr. per gr.: assuming again this mamimum value we 
find that the liberation of heat in muscle if supposed due to the trans- 
formation of dextrose into Jactic acid, cannot be greater than the value 


004 x 107, d. 43 cal. per gr. of muscle. But in whole frogs’ legs 


I have found often a production of heat of 10 cal. per c.c.: this is 
lowered considerably by the presence of bones: for muscle alone it must 
be at least 1:3 cal. per gr. This value is three times as great as the 
maximum value calculated above, and at least ten times as great as the 
minimum value. If therefore (i) we are right in assuming that the 
formation of lactic acid is the main reaction occurring in the processes 


leading to rigor, and if (ii) our thermal data (heats of combustion) are 


correct, then the liberation of lactic acid cannot be due to the break- 


down of simple dextrose. It must come from a body of noticeably 


more energy than dextrose, so that it has probably to be built up into this 
précursor by the living tissue, under the influence of oxygen. This 
‘precursor is possibly the characteristic substance which determines the 
muscular contraction. Undoubtedly it is very closely linked with it. 
Every chemical reaction may be regarded as a balanced action: in 
some reactions the equilibrium may be so far in one direction or another 
chat we are inclined to call them complete, but logically we have no 


right to do this. The considerations given in the Appendix to this 


paper, will make it clear how the efficiency of a given chemical reaction 


for doing mechanical work is a function, not primarily of the heat- 
production of that reaction, but rather of its completeness in the sense 


of a balanced reaction. Berthelot's principle, that the direction of a 


reaction is determined by its greatest heat-production, we know not to 


be true: every reaction goes on in the direction in which its capacity 
for doing external mechanical work is diminished in the highest degree, 


i.e. in the direction of the greatest diminution of the “free energy.” 
pie reactions are known which are very complete, even though they 


go on with an absorption of heat: yet even though these reactions 
‘actually give out no heat, and may absorb it, their completeness makes 
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ii possible for them to do large quantities of mechanical work. It is 


necessary to introduce this conception of the “free energy” here, for it 


is commonly stated that the liberation of lactic acid from a precursor 
provides insufficient energy for it to be the basis of the muscular 
contraction. Carbohydrate has been assumed to be this precursor. 


Apparently this is not the case, the liberation of energy is too large: the 


actual amount of energy liberated in the production of lactic acid from 


its precursor, whatever that may be, can be calculated approximately 
from the data given above. Taking an average value, ‘35°/,, for the 


lactic acid production, and—correcting roughly for the presence of 


bones in the muscles—taking an average value, 13 cal. per gr. for the 


production of heat in rigor, we find that the liberation of 1 gr. of lactic 


acid leads to an evolution of heat of 1°3/0035 =370 cal. This quantity 
is about 10 ½ of the total energy of the carbohydrate. According to 
the old fashioned method of considering merely questions of total energy 
changes in chemical reactions, this 10°/, is still scarcely sufficient to 
account for the observed high efficiency of # frog's muscle. Whether, 
as a matter of fact, Fick’s actual observations of the “efficiency” of a2 


frog’s muscle are justifiable, in view of the fact that both the production’ 


of heat and the oxidations’ consequent on a muscular contraction may 
take place some moments after the contraction is over, is to me very 
doubtful. A large part of the heat evolved in the processes restoring 


the muscle to its previous condition may be so delayed that it may be 
_ masked entirely by conduction and loss: and in order to calculate the 


efficiency of a process we must consider it in its entirety. Whether 


these observations are justifiable however, or not, is immaterial at 


present. There seems, from the calculations given above, to be reason 


to believe that the lactic acid is liberated from some precursor other 


than glucose: and the breakdown from this body to lactic acid may be 


one of those somewhat rare but by no means unknown chemical — 


reactions which can do more mechanical work than is equivalent to their 
total loss of energy; by virtue of their completeness (see Appendix) 
they possess'the power of absorbing heat from their surroundings to do 


this excess of work. It seems to me to be probable that the bodies 


liberated before and thereby causing the contraction of a muscle are 
afterwards, in the presence of oxygen, restored to their previous 


oondlition by the application of work and energy obtained from oxidations. 
At present I hold no brief for the view that lactic acid is responsible 


for the muscular contraction: but until we know exactly what the 


1 K. V. Hill. This Journal, xun. p. 15. 1911. 
* Verzär. Ibid. xutv. p. 252. 
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precursor of lactic acid is, and what the free energy” of its breakdown 
into lactic acid is, we cannot adduce considerations of energy to disprove — 
the hypothesis that the sudden liberation of lactic acid causes a 
contraction, whether by a change of surface tension or by some other 
means, This may sound strange, but it is nevertheless a fact: 


its justification will be found in the later development, by modern 


physical chemistry, of the subject of the “free energy” of chemical 
reactions, There are, so far as I can see, no experimental or @ priori 
objections to a scheme like the following: the contraction is due toa 
change of surface tension set up in certain colloidal: structures by the 


liberation of lactic acid from some precursor: this precursor has 10 / 
more total energy than lactic acid, but possibly 20 or 30% more “ free 


energy! When much work is done in a twitch, there might be for a 
short period a cooling of the muscle, but to the thermoelectric methods 


at present possible this initial cooling would be entirely masked by the 
rapidly ensuing. processes of restoration, involving oxidations and 
liberations of “free energy” and heat. These oxidations might be 
designed to provide “free energy and heat sufficient to replace the 
lactic acid in its previous condition ; or they might be concerned with 
the oxidation of the lactic acid to provide “free energy” and heat 


sufficient to transform a certain amount of glucose into the lactic acid 


precursor, in order to replace the amount of lactic acid precursor lost 
during the contraction. The picture is of course incomplete, and one 
would naturally not care to press it: but it shows, to some degree, how 


these experimental and theoretical considerations of energy and: free 
energy.” may lay open to biology certain roads.and fields of work which 


have been hitherto unknown. Possibly the most fruitful line of research 


in the future would be the estimation of the total heat given out in 


the oxidative removal of lactic acid: this might give us some clues as 
to the function of oxygen in the restoration of lactic acid to its previous 


Position of higher energy. Prof. Langley suggested this problem to 


me some while ago, and in the hitherto vain attempt to see a solution 


of the experimental difficulties the preceding work was begun. Possibly — 
further advance will be made by the estimation of the heat produced 
during long periods of contraction: this is quite simply done with the 
micro-calorimeter. But in whatever direction advance is made, those 
developments of modern physical chemistry whose applications to 
logy are sketched in the Appendix, must be of fundamental interest 


1 the maximum ͤ be greater 
or less than the heat of reaction, and bears no simple relation to It. . | 
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a bund possible, with the: differenitial 
to estimate the heat given out by resting surviving frogs’ muscles at 
oom temperature. Immediately after death this rate of heat- production 
ie as high as during life: but it begins to fall at once along an ex- 
ponential curve until it reaches a constant value, which may remain 
constant for long periods. This latter corresponds to the constant rate 
f CO;hberation; and the constant rate of lactic acid production, 
desoribed in surviving muscle by Fletcher and by Fletcher and 
Hopkins respectively. Finally when e sets in the rate of 
rises agan. 

2. The presence of oxygen has u considerable effect upon the rate 
of survival heat - production: it increases it at all stages of survival life, 
the initial high rate of liberation of heat by isolated muscles being due 
simply to the presence of oxygen dissolved or combined in the tissues. — 
3. These and all subsequent results are explained by the eee 5 
that the formation of lactic acid from its precursors is an ee 
reaction, and that under anwrobic conditions the liberation of heat in 

the later stages of survival is due largely, if not entirely to this reaction. 

In the presence of oxygen the action is somehow inhibited, and the 
best- production observed is due to oxidations, In the presence of 
e oxygen both of these Processes may go on together. 
4. The liberation of CO, by surviving muscles is due (a) to the 
1 occurring so long as there is oxygen, and (b) in the later 
| stages of survival simply to the turning out of CO, from the e 
ane by the lactio acid formed. A 
5. The combination with alkali 1 in the muscles of lactis 
acid set free cannot account for any appreciable proportion of the total 
heat liberated: either in survival life or in the processes leading to rigor. 
6. It has been found possible to estimate the heat produced during 
the processes leading up to chloroform- or heat-rigor. Reckoned per gr. 
of frogs: legs the value is about 10 cal. per gr.; for muscles only it 
must be 1-3 cal. per gr., or more. For both forms of rigor the values 
are practically the same. ea 
T. The heat-production is not due to the coagulative processes 
which are the final stage of rigor, but to the chemical processes which 
 iberate lactic acid; for the heat is produced before coagulation ensues. 
Hence we can calculate the total energy of the lactic-acid-precursor. 
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8.» Any factors which liberate lactic acid in the muscles, such eg. 


as (a) length of survival after death, (6) mechanical injury, (c) fatigue, 
cause also in such muscles a fall in the value of the heat-production of 


rigor. 


previous liberation of some of the lactic acid. 


9. The processes leading to heat-rigor are the same, only 1 | 
in velocity by rise of temperature, as the processes liberating lactic acid — 
and heat in the later stages of survival life at ordinary — : 


| Chioroform seems also merely to accelerate these processes. 


10. Oxygen maintains at its initial high value the eee : 
of rigor of surviving muscles, in the same way as it prevents xs : 


liberation of lactic acid during long periods of survival. 


11. Oxygen restores the lowered heat-production of rigor in 8 
fatigued muscles to the initial high value usual in fresh muscles: in 


just the same way as it diminishes the amount of lactic acid present 


in fatigued muscles, without affecting the total amount given out in 


; 12 In muscles kept anwrobically the rate of diminution of the 
H.-P. of rigor is equal to the rate of survival heat-production. | 


13. The total energy of the lactic acid precursor is about 10% greater 


than that of lactic acid itself: the precursor is therefore presumably — 
not glucose, since according to the thermal data available the total — 
energy of glucose is not more than 3% greater than that of lactic acid. 
Lactie acid is therefore built up by the body into some, at present 
unknown, chemical combination of greater energy than glucose. It is 
suggested that this body is one containing a large store of free energy,” 
and that it may be able to account for the mechanical work done by a. 


muscle simply by the process of breaking down into lactic acid. Many 


energy. 


14. Considerations of total energy are not sufficient, as is shown in 


the Appendix, to disprove the assumption that muscular contraction is 
due to the liberation of lactic acid from a precursor: . The estimation 


of the “free energies” of the chemical reactions possibly sasha tale in 


muscular metabolism is of fundamental importance. 
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APPENDIX, 


of the more fundamental physics of surface tension, colloidal solutions, and molecular 
forces is as yet known to make it even reasonable to attempt to build up an elaborate 
picture of the complete process. There is however even now one avenue slong which 
physiology may progress as an exact science, viz. that of energy and thermodynamics. _ 
Unfortunately there have been, even among physiologists, many and grievous misconcep- 
tions as to the application of the laws of thermodynamics : these have been due partly to 
the desire to make over-hastily a complete picture of the muscular machine, partly to the 
completely erroneous belief that the laws of thermodynamics apply only to heat engines 
and not to chemical engines, and that no information can be obtained from the Second Law 
as to the working of a chemical machine at uniform constant temperature. The muscle 
fibre has been treated as a heat-engine when it is inconceivable that there are finite differ- 
ences of temperature in it: to keep up a temperature difference of 100° C., as required by 
the observed efficiency if the muscle is a heat-engine, at two points not more than a few 
u (i.e. 10-* mm.) apart would mean an almost infinite loss of heat by conduction between 
the two points. A temperature gradient of (say) 50000 C. per mm. is impossible. The 
muscle is undoubtedly a chemical machine working at constant temperature. 

Again even bacteria have been treated as heat-engines, their “efficiency” E depending on 

E=(T,-T,)/T). | 

_ Arguing from this assumption the rise of body-temperature in fever! has been 

explained as an attempt by the body to lower the efficiency of the bacteria by increas- 
ing T,, and consequently diminishing (Ti- ~ T,)/T,, Ti being supposed limited by the fact 
that above a certain temperature the bacteria perish; and finally the word work” has 
been used to confuse the issue as between mechanical and chemical processes by its 
employment in the meaningless expression chemical work,” the chemical work” 
which a process can do being supposed given by the efficiency. Here again the scientific 
imagination which put the ‘‘chemical work” and hence the chemical activity (!) of 
bacteria (assumed to be heat-engines) proportional to the quantity (7, - 7,)/T,, was not 
curbed by the reflection that (TI - Ti) must be inconceivably small, being the difference of 
temperature at two points not more than 10~* mm. apart. It is to be regretted that such 
misconceptions as these should have given the impression either (a) that the laws of 
thermodynamics do not apply to the animal body, or (b) that they apply only to a heat- 

s which the living organism certainly is not. 
in Chemistry : and these successes centre around the conception of the “ free energy” of 
a chemical reaction. By means of changes of oamotic pressure, surface tension, volume, 
or vapour pressure, or by means of electrical effects set up“, every chemical reaction in 
the universe which goes on spontaneously can be made to do external mechanical work. 
The maximum mechanical work which any given reaction can do is named the free 
energy” of that reaction: and the Second Law of Thermodynamics tells us that whatever 
be the mechanism of the work production the maximum work that can be done is the same. 
This is of fundamental interest to the physiologist; St present we are unable to my by 


Simoson. Zntrlb. d. Physiol. xx1v. p. 702. 
2 E. g. 
33—3 
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˙ ] bot provided we know whas 
chemical processes the organism carries out we can calculate in general the maximum 
mechanical work which these procésses can yield, independent of the mechanism by 


which that work is produced. For most chemical reactions this calculation i is at present 


difficult, but there is no reason to doubt that with the advance of physical chemistry it 

will be rendered possible for all chemical bodies. So that if the biological chemist can 

decide what reactions go on in the body in (say) the breakdown of carbohydrate, we shall 

AI, 


of molecules of C, etc. are transformed into f of B’, of of then | 
a certain amount of energy U is liberated and a certain maximum amount A of mechanical 


work can be obtained at constant temp. T. U is the loss of internal energy of the chemical 
bodies reacting, l. e. the heat of reaction ” when no external work is done. When external 
work zis done the heat of reaction must be U-. A is the free energy of the reaction, 
1.6. the max. amount of mechanical work it oan accomplish. ee 
türe the Second Law of Thermodynamies telis us that 


ture. This relation, 2 0, is in general not satisfied, so that in general 4 and U are 


| different, and may be very widely different. It $4 is positive then the max. work which 


the reaction can do is greater than the total energy liberated in the reaction, and must be 
done i in part at the expense of the heat of the surroundings, This type is not the most 
usual, but is pregnant in interest to the physiologist; several very striking examples 
)). reactions going on spontaneously come under its head. 


1 57 is negative, then the max. which thie ene. 0: ie lens than the total 


energy liberated, and the reaction goes on always with the liberation of heat. Berthelot’s 
principle is invalid because this case is not universal, Below we shall see how to some 
extent it is possible already to calculate 4: and also what laws govern its behaviour. At 
first however it will be better to discuss more exactly what this ‘free energy” is, and how 
it affects biology. 

As Nernst? and Boltzmann“ have emphasised, the struggle for existence” in 
organic life is not the struggle for matter in its crude state, not even for energy in any 
and every form, but rather for that proportion of the energy which can be turned pe 
‘mechanical work, and which Helmholtz denoted by the suggestive term * free energy.” 


3 All chemical reactions may be treated as reversible ; under the requisite temp. and 


pressnre conditions their incompleteness can be demonstrated, even though under normal , 


F Basi at 1000° C. the reaction 


Theoretische Chemie, 6th Ed. p. n. 1909. ni 


Der zweite Haupteats der mech: 21. 1886; also 
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HEAT-PRODUCTION OF MUSCLES. 309 
Mechanical work’ or mechanical potential energy (including stored energy which 
is the mechanical strain energy of the dielectric) is the only form of energy which can be 
turned completely and instantly into any other form. Without the use of free energy 
many chemical reactions cannot go on, and many processes cannot be carried out. There 
is in fact another factor besides total energy which must be considered, a second quality 
of chemical compounds, the tres energy,” which may have 8 very considerable influence 

staffs, 

Let us consider a few examples of how a chemical reaction going on at constant 
temperature T can do work. In’ Daniell cell the solution of zine to form Zn80,, 
turn e motor. _ The chemical reaction is : 


physical reaction) can be made to do work. Again the Grove gas battery, employing the 
formation of water from oxygen and hydrogen to produce an E. x. r. (at 20° C. ) of 1°06 volts, 
uses a typical chemical reaction for the production of mechanical work. . Secondly there 
are several chemical reactions which can produce mechanical work by changes of surface 
tension: e. g. a drop ol meroury in 20 % HNO; will behave in a very lively fashion when 
@ crystal of potassium bichromate is added to the acid. The periodic changes of surface 
tension set up cause movements of the mercury which of course can be made to perform 
mechanical work. Thirdly an increase of volume can be set up by chemical affinities 
working against enormous pressures, as ¢.g. in the combination of crystals of CuSQ,, 4H,0 
with an extra H,O to form crystals of CuSO,, 5H,0: such an increase of volume can 
produce large quantities of external work, Fourthly the changes of vapour pressure of a 
liquid after chemical combination can be used for the same purpose: e. 9. in the case of 
the combination of HzO with the CuS0,, 4H,0, the HzO can be allowed to evaporate and 
then to expand doing work at constant temperature until it is at the vapour pressure of 
the hydrated crystals: and then absorbed by the crystals by virtue of the chemical affinity. 
Finally we come to the case of osmotic pressure: the laws of osmotic pressure are so well 
established that whenever possible we try to calculate the free energies of chemical trans · 
formations by supposing the latter to go on in machines based on osmotic pressure. This 
has given a false impression that chemical machines have something in particular to do 
with osmotic pressure, whereas the truth is that the latter is used simply to provide a 
method of calculation. Whatever the mechanism of work-production be, the maximum 
work a chemical reaction can do is the same as that calenlated by means of semi-permeable 
membranes: otherwise the Second Law is not obeyed. As machines for the production of 
work we suppose certain osmometers bounded by semi-permeable membranes, and also a 
given reaction mixture, i. e. a mixture of chemical bodies in equilibrium with one another. 
The duty of the reaction. mixture is to transform certain chemical substances from one 
side of the reaction to the other. We suppose that we have certain stores of chemical 
bodies X kept at unit concentration, and we wish to find the maximum work which can 
be obtained in transforming and transferring a portion of them into certain other stores 
of other chemical bodies V kept aleo at unit concentration. The function of the chemical 
affinity is the taking of dilute solutions of X and transforming them into concentrated 
solutions of F: the reaction mixture being supposed dilute in X and concentrated in F. 
This will be the case if the chemical reaction is a fairly complete one. We first of all take 
our chemical bodies X out of their stores, and allow them to expand in suitable osmometers 
doing external work by virtue of their osmotic pressures, until they are finally at the same 
concentrations as the bodties int the reastion mixture, 
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‘tthe which then transforms them into the bodies T. These bodies 


we then take out of the mixture reversibly and allow to expand in other osmometers, doing 
more external. work, until they are at the same concentration as the stores of the bodies Y, 
into which they are then introduced. Thus the mechanical work which the chemical 
depends on two factors: 

(a) It is greater, VVV. 
reaction u for the less this concentration is, the greater is the degree of expansion 
required before introducing the bodies X into the reaction mixture, 

(e) It is greater, the greater the osmotic. pressure of the bodies Y in the reaction 


mixture: for the greater this osmotic pressure is, the greater is the degree of expansion 


required before introducing the bodies Y into their appropriate stores. 

Henoe to obtain mach work we should use a chemical resotion which is very complete, 
i.e. one in which the equilibrium is very far in one direction. For then (i) the concentra- 
tion in the reaction mixture of the initial bodies X would be exceedizigly small, and much 


work would be done in osmotic expansions before introducing the bodies X into the 
reaction mixture: and (ii) the concentration of the bodies F would be very large, so that 


much work might be done in expansion before introducing the bodies Y into their appro- 
priate stores. The very complete, though still reversible, chemical reaction can produce 


mechanical work by virtue of the fact that it takes exceedingly dilute chemical substances, 
and by using the chemical affinities transforms them into other chemical substances iu 


very concentrated solution. This transformation from very low osmotic pressure’ to very 


high osmotic pressure means the storing of work: and hence we bee how the “free energies” —_— 


of very complete reactions are large. For doing mechanical work, the virtue of a chemical 
reactior ‘ies not in its liberation of total energy, but in its completeness as a reaction: 


and from the Second Law we may make this statement, whatever be the mechanism by : 


which the work is produced. The efficacy of such processes as the oxidations of fat and 

carbohydrate, for use by the organism, is that such reactions are in the highest degree 

complete, so that much mechanical work, “free energy,” can be obtained from them. 

Only in a secondary degree does their efficacy depend on their large store of total energy, 
0A 


though generally to some degree, since 5 is seldom large, 4 and U must be of the same 


order of dine. 
nen be shown that, if we have as a chemical engine the renetion mixture 
BB+y7C+... SE +7 C' +... 
in whi moloals of te. are in equiibrinm with fof cs. and i E be the eq 
brium constant of this reaction, viz. 


{where IBI 10] ete. represent the concentrations of B. 


then the maximum work which the reaction can do in transforming g molecules of B ote. 
into g of B’ etc. is 
A=RT log k. 
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Henee the greater the equilibrium constant K, 4 the the 
JJV Now most of the reactions in the 
body are carried out by successive. stages : if KI, K.., be the equilibrium constants of 


these e reacti 
ART flog Kj los K. +...}. 
The free energy 4, . 
| 


At absolute gero, when TO, 4- U must also be zego: so that at absolute zero the free 
At every other temperature however they are different, 
and may be very different: there is in fact a certain chemical reaction in an electric 
battery, (Bugareky’s combination) in which U and 4 are of opposite signs. This 
endothermic reaction goes on with the production of a considerable n. M. 5. which can be 
used to do external work; and in fact every endothermic reaction occurring spon 3 
ean be made to do work, Berthelot’s principle has been replaced by the law, which is 
universally true, that every chemical reaction goes on the direetion in which the free 
energy A diminishes: this quantity 4 is the true measure of the chemical affinity, and 
hence we see the importance of being able to determine 4 for all chemical reactions. This 
determination is as yet difficult: and the developments of modern physical chemistry— _ 
especially in the Nernst school—centre around the attempts to find a general method for 
its calculation. It would take us too far here to discuss the actual method which Nernst 
asserts will lead us to a complete knowledge of the affinities ( free energies”) of all 
chemical reactions: it is based upon the assumption, which although one can see no 
obvious reason, for it seems to yield results in accordance with facts, that at absolute 
zero not only are 4 and U equal, as the Second Law shows, but also that they converge 
tangentially to their common value, ic. °4=2" gt 7=0, This assumption renders 
‘possible, or greatly simplifies, the calculation of 4, and in many cases has yielded good 
results, whether finally it will be found adequate ia u matter only for the future to decide. 
In any case there seems to be a large chance that in the not distant future we shall be 
able to determine the free energies of very many chemical transformations. For the 
biologist it is of fundamental interest to realise that all chemical bodies possess a property, 
from their total energy. 

completeness of their breakdowns the possibility of doing external work, the energy for 
which may be taken partly from their own total energy and partly from the heat of their 
surroundings. They do not so. much possess energy as the possibility of getting external 
heat turned: into mechanical work: not working however as heat engines, because the 
reactions go on at uniform temperature, 

For lack of data as to their free energy the value of food-stuffs have been based upon a 
comparison of their total energies, i. e. their heats of combustion. Many curious anomalies 
may be settled when we are able to determine the free energies of the oxidation of fats, 
carbohydrates and proteins, which free energies are very unlikely to be the same as their 
total energies. If it is shown, ¢.g. that carbohydrate has, calorie for calorie of total 
energy, a higher proportion of free energy than fat. has, this would have an enormous 
influence on theories of nutrition. The building up of animal tissues out of amino acids 
and sugar, but still more the building up of plant tissues out of nitrates and CO,, working 
as both processes do against very complete chemical reactions, must require a large 
provision of free energy: so that in processes of growth, as also of movement, an adequate 


* 
* 
4 
8 
75 
wee 2 
8 < 
4 
477 Z 
3 
1 
* 
3 
* 
| 
* 
* 
g 
4 
Ag 
ag 
+ 
* 
* 
* ‘4 
4 
> 


512 


The body seems to-obtain its energy-and its tres energy 
from oxidative breakdowns; the plant partly from sunlight and partly also from break. 


downs, ansrobic (as with yeast cells), or oxidative. It will be of fundamental interest to 


determine the free energies ‘of ‘carbohydrates, fats and proteins, both to oompare them a8 


food-stuffs and also to be able to determine what provision of free energy is necessary for 
the animal or plant in order for it to be able to build them up, Farther, the transformation 
of soluble material from one position and concentration to another, as in the secretion of 


urine, also involves the utilisation of free energy” which the body can obtain only from 


food-stuffs. 


Apart from Nernst’s recent developments of the subject there is another method by 


which we may progress. In many cases it is already possible to calculate the equilibrium 
donstant K of à reaction, and hende also RT log K its free energy. The developments of 
ferment chemistry, especially in the case of reversible changes carried out by ferments, 
may make it possible to caleulate directly the equilibrium constants of many breakdowns 
of organic material. If ¢.g. the bio-chemist can decide what chemical reactions go on in 
order in the process of carbohydrate breakdown, and if we can determine directly the 
values of Ki, K,, K.. for these several reactions, then it will be possible not only to give 
the total free energy RT [log K, + log Ky T. .] but also the free energy of every stage. At 


one particular stage we shall probably And that the value of RT log K is much greater than 


in the other stages: that among all the partial breakdowns one in particular is characterised 


by a large liberation of free energy. If this is so we shall have special grounds for 


assuming that the process of muscular contraction or of urine secretion, etc. is based upon 
that particular breakdown. There cannot be many processes involved in the very short 
space of time necessary for the complete contraction and relaxation of an insect’s wing- 


muscle, and presumably such a process must be based upon one particular reaction. The 


mechanical work of a contraction is largs: and it is therefore quite probable that an 


analysis of the free energies” of the several stages of breakdown of food-stuffs would 2 


give us decisive evidence as to which of these processes is involved in contraction. It will 
be of the highest interest to determine exactly what the free energy of the lactic acid 
precursor in muscle is. Possibly this free energy” is sufficient to account entirely for 
the mechanical work done in a contraction. At any rate mere considerations of total 


energy are quite insufficient to refute the view that the contraction is due to the liberation 


of lactic acid from some precursor. All endothermic reactions which go on spontaneously 


can do mechanical work, in spite of the fact that they absorb and do not give out energy: N 


i For example the galvanic combination, | 
Ou | Copper acetate solution | Teed acstate |: Pb, 


.J.... 
of Cu. The total energy obtained by the transformation of 1 gram- equivalent, 1. e. the 


difference in the internal energies of Cu-acetate and Pb-acetate, is 8766 calories, This 
means that if the process goes on, without doing external work, there is an evolution 
of heat of 8766 cal. per gr. equivalent. But the electric current set up can be made to do 
work to the extent of 10842 cal.: not only therefore has thé entire energy of the 


transformation been used up in doing mechanical work, but the machine has managed to 
get work equivalent to 2076 calories ‘more from the heat of its surroundings. —— 


Bugarsky's combination 

| HgOl | Kol | KOH | 
NS, sufficient to do mechanical work to the extent of 7566 cal. for 6 trans- 
er. equiveleat: the chemical 
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It the battery does no external work there is an absorption of heat of 8280 calories per gr. 
equivalent. If it does do max. external work there is an absorption of heat of 10846 cal. 
It may sound strange, but is nevertheless a fact, that this combination not only liberating 
no energy of itself, but even leading to an absorption of energy of 8280 cal., can nevertheless 
do external work to the extent of 7566 cal., thus leading altogether to an absorption of 
10846 cal. 

sores with the 
evolution of heat: and that the precursor is apparently not glucose. It is a compound of 
lactic acid of rather greater energy, at present unknown. It may be possible for the 
chemist to isolate it from the mixture of bodies obtained on crushing up muscles in 
ice-cold alcohol', But until we have isolated it and determined its free energy, we dare 
not assert finally that the liberation of lactic acid from this precursor cannot produce 
enough “‘free energy to account for the mechanical work known to be done by a muscle 
twitch. 


1 Of. Fletcher and Hopkins. Op. cit. p. 262; crushing in the cold does not seem to 
liberate lactic acid in muscle. It is interesting to compare Hermann’s views on the 
unstable chemical body determining contraction and the onset of rigor by its breakdown. 
See Hermann, Unters. ii. d. Stoffwechsel der Muskeln, p. 67 etc. Berlin. 1867. 
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new calorimeter for small warm-blooded animals, ‘By 
A.V, HI. 


2 The 3 details of the calorimeter are: (I) a large 1 
‘Dewar flask of depth 40 cm, and diameter 10 cm.: (2) a coil of fine 


copper tubing inside the flask, through which water runs at a uniform 


rate to take away the heat formed: (3) a thermocouple with its ends in 


(a) the water going into the flask, and (6) the water coming out of the 
flask: (4) a galvanometer in another part of the laboratory registering 
the current through the thermocouple: (5) a Mariotte bottle supplying 


pater at a uniform rate: (6) a cage of perforated zinc which can be 


drawn in and out of the flask : (7) tubes for an air-supply to the inside. 
The temperatures of the water are taken by the thermocouple just at its 


entrance and exit. The difference of temperature observed is multiplied 


by the rate of water-flow, giving the heat in calories. The Dewar flask 
is so good an insulator that there is practically no heat loss; what heat- 


loss there is can be calculated and allowed for by the following device. 


The flask is mounted in a box of sawdust, and the water, before, passing 
round the coil inside the flask, passes round a lead coil outside the flask. 
Thus the outside is kept permanently at the temperature of the water 


which goes in, and it is then found that by this differential arrangement 
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the heat-loss is proportional to the actual galvanometer deflection : for. 3 


1° C. registered by the galvanometer there is a loss of some 29 cal. per 


1 minute. The mouth of the flask is stoppered with cotton-wool. The 


arrangement has been tested and calibrated by estimating the heat- 


production of a known electric current passing through a known resistance 


inside the flask. The table gives the heat-production in calories per 
minute calculated and observed a out of many just as 


experiments). 


Caloulated 206 17 yee 11 110 32 66 


Observed 804 17 1% 316 
The agreement is striking. The effect of a current of air has been 


investigated. The heat capacity of air is so low that it was caloulated it 
should, theoretically, have very little effect. This proved to be the case. 


A current of air more than sufficient to keep four mice normal has 
absolutely no effect worthy of mention on the heat-production observed 
from an electric current in a coil; The effects of evaporation of moisture 
from the animals’ lungs are avoided by the use of air saturated with 
moisture: any moisture liberated by the animal then condenses on the 
copper coil and the walls of the flask, and so the heat-loss due to 
evaporation is eliminated. It is hoped to use this apparatus especially 
in connection with nutrition experiments, but also it will be available 


for. respiration and other experiments on any sort of ordinary or 


hibernating small mammals. Larger calorimeters are being erected 
with larger Dewar flasks capable of holding several rats: and it is hoped 
to obtain a temperature recorder” made by the Cambridge Scientific 
Instrument Co. whereby an automatic record is obtained, for periods of 
24 hours, of the difference of temperature. The area of the curves given 
by this instrument, multiplied by the rate of flow of the water, will, Wben 
corrected for heat-loss, represent the total heat liberated in the 24 hours. 
It is simple to show that the effect of the correction will be simply to 


add 29 to the rate of flow of the water. Thus the — 


vill de, 
“(Area of curve) x (rate of flow of water in d per min, +29) 


All-the manipalation ‘required’ will be to tara on the water tap, 
recorder, | | 
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By W. and F. d. L Scorr. Preliminary communication.) 


When the. excised sartorius muscle of the frog was placed in a 


| bath of tap saline, which had been heated to a temperature of 37° C., it 


was observed to shorten. The shortening took place in two stages. 


| The first stage was one in which the shortening: occurred relatively 


quickly; in the second stage the rate of shortening was relatively slow. 
There was an interval between the culmination of the first shortening 
and the appearance of the commencement. of the second a 
The temperature of the bath was kept constant at 37° ass e 


One placed in line 
K 4 times. 
=. Time marker every 5 seconds. 


next immersed in baths at slightly 
tures. The rate of shortening in both stages was quickened at these BS 
higher temperatures, the second shortening appearing to be more 
affected in this respect than was the first shortening. Also the interval 
W the two shortenings was decreased. 

At a temperature of about 42° C. these events reached a kind of hens. 


The: interval between the two shortenings appeared to vanish and the 
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rate of shortening in the second stage seemed to be equal to that in the 


first. A ‘single but large contraction was now the only effect obtained. 
It appeared to be equal to the sum of the two contractions observed at 
slightly lower temperatures. 


This single large contraction was the only effect noticed at tempera- ae 
tures between 42° C. and 56°C. Above a temperature of 56°C:, or 
_ thereabouts, a single contraction was still obtained but diminished iin 
extent. A single diminished contraction was the only contraction 


obtained at the temperatures examined between 56 C. and 100°C, It 


was of very quick development and ended sharply. _ In extent, it would 5 
appear to be equal to the first sbortening observed at temperatures in 
the neighbourhood of 40° 8 An 2 82 is shown in the illustration 


* 


ithe body of the calorimeter was ed on the model of the 


town calorimeter described in detail by Benedict. It has the | 
same general dimensions, and is protected from surface loss or gain 
of beat in the same fashion. It is not however equipped todealwith 
the ‘respiratory of gases and is not a 


calorimeter.” 


The data obtained site cule minutes throughout an experiment are 


of three kinds: 


(1) heat laced in, or lost from, the calorimeter walls as inforred 2 


from observed variations in 


(2) heat removed by water traversing an internal 1 system ; eee 
(3), heat stored in a change of state in water, and measured a . 


reference to ‘the e excess anes vapour leaving the calorimeter 1 in ‘the 
air stream. 


Departures from the original model have been made, notably in 


extension of the internal radiator system and the insertion of an 
additional internal source of heat. The latter arrangement is used as 
a compensating system whereby the total heat measurement is main- 


tained as far as possible a constant. The heat-output of the subject 
is found ‘by subtracting from this the momentary values for the areas 3 


output of the compensating. system. 


This change in method is due to experimental observation of 5 a 
definite relation between the temperature of the calorimeter (To) and 


‘Oalorimetric on man. 8. Macponatp. 
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the mean temperature of the internal radiator system (Ti) such that 
the heat measured by reference to the temperature and quantity of the 
water stream 
= k(T,— Tp). 
The value of * in this calorimeter was such as to velar 
difficult all attempts to follow abrupt variations in the subject’s 


_heat-output. Thus when a period of work interrupted a period of 


rest it became evident that To Ty must have a new value of perhaps 
8° C., entailing a sudden change in the temperature of the water 
entering the radiator system of 10°C. Because of the slow rate, and 
the lack of precision, with which such alterations in temperature could — 
be obtained the preceding method was adopted. 

Experiments have been performed upon a number of subjects under 
alternating conditions of rest and work and in two cases also when 
asleep, The most interesting feature of the results obtained may be 


stated briefly as follows. 


The performance of work entails an increased. heat-output. which 


2 gradually rises towards a maximum reached at the end of about 


I hours, this maximum is then maintained until the cessation of 
work, | 

In order to discover the degree to which this initial portion of the 
heat-output curve is rendered gradual by a storage of heat in the 
subject’s body as evidenced by a coincident rise in body-temperature, 
the latter has in the most recent of these experiments been measured 
by the Gamgee thermo-couple method with the assistance of Dr J. C. 
Chapman. We have not, so far, found sufficient variations in tem- 
perature to explain the whole effect, though their nature is always 


such as to explain some fraction of this. It would appear then that 


the “ efficiency” diminishes as the temperature of the body increases. 
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cerebro-spinal fluid. By W. E. Dixon and W. D. Hatiipurton. — 


A small dose of atropine (1 Cc. of a 0°1 per cent. solution) introduced 
by a cannula into the sub-cerebellar cisterna under conditions in which 
the cerebro-spinal fluid is free from all traces of blood, produces paralysis — 
of the vagus within a very short space of time usually in a few seconds, 

A small dose of adrenaline (1 c. of 1 in 10,000 solution) will equally 


‘rapidly produce a typical rise of arterial blood-pressure, in fact almost 


as rapidly as if it were injected intravenously. 

We consider that this indicates that the materials introduced are 
directly absorbed into the blood-vessels, and not via the lymph stream. 
This supports the view that normally cerebro-spinal fluid leaves the 
cranio-spinal space by entering the blood rather than the lymph. This 


hypothesis was confirmed by injecting methylene blue into the cranio- 


spinal space, and watching the outflow of lymph through a cannula 
inserted into the thoracic duct. No trace of a blue colour is seen in the 
lymph during the next half hour even when the fluid is in free contact 
with the air. 7 

The full paper describing these effects and dealing generally with 
— fluid i is in preparation. 
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by heat. No detectable spontaneous synthesis takes place at 38“ in the 
course of a week or so and, to accelerate the enzyme action, I find that 
the reaction may safely be allowed to take place at 47°. At this tem- 


perature, a diminution of rotation from + 2°83 to + 0°80 takes place 


in 7 days and equilibrium, - 016 (cire. 75 1 ee is seed 


attained i in 15 


Demonstration of te imple charasterof the yellow 


tion. By F. W. Epripax-Green. 


A monochromatic region of pure yellow can be isolated by means of 
my spectrometer. The wave-lengths of the boundaries of the region are 
recorded, The observer then puts on spectacles glazed with blue-green . 


glass which is impervious to the red rays, and wears these for a short 


period. He then, whilst wearing the glasses, isolates the yellow of the : 
spectrum. It will be noticed that he isolates the same region as he did 


without the glasses. This would not be possible if the yellow and yellow- 
green regions affected a red and a green sensation ; the green component 
being fatigued a region well into the green a of the — 


would be selected. 
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ol method of preparing secretin. By H. H. DalE and P. P. : 


PROCEEDINGS 
"PHYSIOLOGICAL SOCIETY, 
May 18, 1912. 


The following method was evolved in the course of experiments 
undertaken in the hope of isolating secretin in a condition fit for 
chemical investigation. Though these have so far failed in their 
primary object, it appears to us that the method may be serviceable for 
routine laboratory use. We find that secretin gives, or is precipitated 
in association with substances giving a mercury compound soluble in 
moderately dilute acids, but insoluble in a neutral or weakly acid solution. 


_ This enables much impurity to be stopped at the outset, by hardening the 


mucous membrane in corrosive sublimate before extraction. The super- 
ficial layers of mucous membrane are scraped from the upper two-thirds 
of small intestines of dogs and cats, The moist scrapings are weighed 
and ground with one-fifth of their weight of corrosive sublimate to a 


smooth paste. 2 0. c. of water are then added for each gramme of mucous 


membrane and the mixture thrown into a stock-pot. Material can thus 
be accumulated as animals are ysed for other purposes, and we have 
found, as yet, no limit to its keeping properties under such conditions. 
It is worked up as follows: the contents of the stock-pot are boiled and 
filtered through paper or muslin, The liquid contains little secretin 


and is rejected. The fine coagulum is squeezed dry. The press-cake 


is broken up and suspended in a convenient volume (about 4 00. for 
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each gramme of original mucous membrane) of 2 %, acetic acid with 


1% mercuric chloride. This is brought to the boil and filtered. The 


filtrate should be nearly clear. Caustic soda solution (10 ¼) is added 
till the fluid is nearly neutral, de. till the yellow precipitate of mercuric 


oxide just fails to be permanent on shaking the solution. A white 
flooculent precipitate is formed, which can be centrifuged off or sucked 
dry on a hardened paper. This precipitate contains the secretin, which 


can be liberated by suspénding in water and passing sulphuretted 


hydrogen, The acid mixture is carefully neutralised, boiled free from 
sulphuretted hydrogen, and filtered from mercuric sulphide. A highly 
active secretin is obtained, the concentration obtainable being apparently 


limited only by the volume in which the mercury compound can 


conveniently be decomposed. We easily obtained a preparation of 


which 1 ¢.c., injected intravenously into a dog, produced a flow of 85 c.. 
of pancreatic juice. A preparation as active, and containing less solids, 

can be produced by decomposing the mercury compound into 
75% alcohol, neutralising as before. From this alcoholic solution a 


white precipitate is thrown down by excess of acetone: this has a 


powerful secretin action and is relatively free from depressor substance. 


In a poorly responsive dog 10 mgm. of such a precipitate produced 


3˙2 C. of juice. From the watery solution an amorphous picrate is 


thrown down by excess of picric acid. This can be dissolved in dilute 
sodium carbonate and, on injection, such a solution proves to be highly 


Some actions of pilocarpine and nicotine. By H. H. 
and P. P. Lamraw. (Preliminary communication.) 


Langley showed that intravenous injection of nicotine caused 
sympathetic effects on the cat’s eye—dilatation of the pupil and retraction — 
of the nictitating membrane—even after excision of the superior cervical. 


ganglion. In addition to its action on the ganglion-cells, demonstrable 


by direct application to the ganglion, it, therefore, had a peripheral 


action. We found that hordenine-methiodide and cytisine resembled 
nicotine in this as in other actions, Injection of pilocarpine, in addition 
to the intense constriction of the pupil, causes, in the cat, retraction of 
the nictitating membrane. This latter effect can be produced by 

painting 1—2°/, pilocarpine on the superior cervical ganglion, but is still 


produced by injection after the ganglion has been removed. In cats 
under ether or A. C. R, we find that these sympathetic effects of nicotine etc. _ 
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or of pilocarpine on the deganglionated eye are absent if the supra-renal 
glands are removed from the body or excluded from circulation. The 
latter is accomplished by occluding the aorta just below the diaphragm. 
If one of the “nicotine” alkaloids be injected during such occlusion, a 
comparatively weak and brief sympathetic dilatation occurs in the eye 
on the intact side: on the deganglionated side the only effect is a 
forward movement of the nictitating membrane. When the aorta is 
‘released a secondary full and much more prolonged dilatation occurs n 
4 both sides. Similarly, with pilocarpine, retraction of the nictitating 
| membrane occurs on the intact side only while the aorta is occluded: 
on its release the intense constriction of the pupils is perceptibly relaxed 
and the wee membrane on the —— side is also 
„ The a 0 effects of these alkaloida on the eye are clearly a 
combination of (1) direct action on ganglion cells, (2) indirect action, 
* through accelerated secretion of adrenine from the supra- renal capsules, 
: The promotion of such secretion by nicotine was recently demonstrated 
_ directly by Cannon, Aub, and Binger. Experiments are in progress 
a to do the same with pilocarpine. | 
= We apply these results in explanation of the fact that these and 
4 : other alkaloids produce sympathetic effects on the cat’s uterus in situ 
4 : which they fail to reproduce on the same organ when isolated from the 


Paendo-globulin. Hastam. 


In recent times there have been several 8 to roe 8 
methods to the separation of proteins especially of serum and the 
digestive mixture. The problem, in effect, is to determine whether 
the protein of the natural product can be split into two or more sub- 
stances which can be considered for current purposes as chemical 
entities. 
ee The diversity of the results hitherto obtained is doh mainly, I think, 

to the fact that the component proteins of a natural product have a 
very much stronger affinity for each other than is generally recognised. 
It is not too much to say that in no case can any known reagent at any 
concentration of protein effect a complete separation in a single pre- 
cipitation. The degree of separation that can be effected by a — 


1 Journ. of Pharm. and Exp. Therap. mt. p. 879. 1912. 
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precipitation varies, as would be expected, in different cases. In axe 


treme cases the composition of the precipitate differs very little from 


that of the filtrate ase a long series of procipitations is necessary on 


separation. 


Before we can look upon any proteins prepared by fractional methods 
from a natural product such as serum as definite chemical individuals 


two conditions must be observed. 


(1) The substances must show constancy of precipitability at 


defined limits. 


(2) It must be shown that the substances produced cannot be ae | 


up further by the same means. 
Serum protein can be split into three bodies. 


1 Globulin. Water insoluble. Precipitated by “1/8 saturation” — 


with Am,SO,. Contains phosphorus. 


92 Pseudo-globulin. Water soluble. Precipitated by “1/2 stare : 


tion“ Does not contain phosphorus. __ 
3 Albumin. Soluble in 1/2 saturated solution of AmSO,. 
Globulin and pseudo-globulin satisfy the two conditions. They 
may be regarded as chemical individuals; not, of course, with the same 


degree of certitude as chemical compounds of known composition; but 


on grounds of convenience and as signifying that hitherto it has not 
been found possible to split them up. 

Purification of Pseudo-globulin. To free pseudo-globulin ins 
albumin is comparatively easy; to get rid of all the globulin more 


difficult, a somewhat extensive series of precipita rons: on fractional 


lines being necessary. | 

The latter process is of interest since as 3 contains phosphorus 
and pseudo-globulin does not, we have independent evidence as to the 
progress of the separation and its result. In previous separations of the 
same kind in the case of the albumoses I had no such independent 


evidence and continued the separation until some point of constancy — 
was reached. Without independent evidence, however, absolute proof 
of complete separation cannot be given. There is always the possibility — 
of a residue of one substance remaining dissolved in the other, a so- 


calléd “constant property mixture” being formed. 
In this case I have been able to show : : 


(I) That almost complete separation can be attained by means of | 


_ fractional precipitation. 


10 of the globulin, 
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An accessory time signal for use in experiments where the 
recording apparatus is not run continuously. By G. R Mines. 
It often happens that in experiments where a kymograph is used, 
5 the paper is stopped from time to time in order to economise space. 
Tue ordinary time signal, marking seconds or minutes, gives no in- 
dication on the record of the interval which has elapsed between 
successive portions of the tracing. | 
The device here described gives an automatic record of the time a 
at which any portion of the tracing was taken, irrespective of whether 
the motion of the paper was continuous or intermittent. == 


— 


pi. 2. Nearer view of medhanism. The watch indicates 4.52. 


The apparatus, shown in Figs. 1 and 2, consists of a watch, held 
in a brass frame. The hands are replaced by snail cams. Two levers 
of light steel spring are pivoted at one side of the frame. Each is 
provided with a pin;.one rests on the minute cam, the other on the 
hour cam. The minute cam is in front. The extremity of the minute 
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lever rises through two inches in an hour and then falls abruptly. The | 


hour lever performs the same movements in twelve hours. The record 
of the two levers on the paper is distinguished by making the hour 
lever trace a double line. A third, fixed pointer, not shown in the 
figure, traces a base line. The apparatus is calibrated by letting it 


write on a drum which is run ie a * distance at five-minute 


intervals over one hour’. 
From the tracing a scale is Gba as shown in Fig. 3. By 


laying the scale on the tracing with the base line in the proper place, 


the hour last past is.read off from one line and the nearest minute from 
the other. It is evident that by setting the watch at 12.0 at the 
beginning of the experiment, the time at any part of the tracing will 


read direct in hours and minutes from the start. Ordinarily the watch 
is set to indicate the actual time of day. An example of a sin in 


which this apparatus was used i is given in Fig. 3. 


Fig. 8. 


Top line 12 o’clock position ( base line”). — of 
and minute levers, the hour tracing being a double line. The bottom line marks 


time in seconds, above it is the experimental record (respiratory movements of a 


rabbit). 4 started at8.9. In the middle of A, drum was stopped for 8’. B at 5.24. 
C at 3.26. In the middle of C, drum stopped for 18. D taken at 4.11. The scale is 


‘shown in position against D. 


An advantage resulting from the use of this time signal is that 4 
tracings may be cut up for purposes of reproduction without risk of 


losing the time relations of the various pieces.: . 
The time signal willbe bythe Cambridge Gompany: 
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Abrillation oaused by stimulation of the 


ganglion evokes a similar irregular tachycardia, and even momentary 


3 


accelerator nerves under chloroform. By A. d. Levy. 


Permanent stoppage of the heart’s action through ventricular 
fibrillation is a consistent sequence of stimulation of the cardiac acceler- 
ators on the right side in cats lightly anssthetised with chloroform. 
The procedure is as follows: The right stellate ganglion is isolated by 
Anderson’s method under chloroform. The anmsthetic is carefully 


regulated and excess avoided. All except the cardiac branches of the 


Fig. 1. Time in seconds. Hiirtle manometer. Btimmulation of left stellate ganglion under 


0-5 % chloroform. Coil at 100 mm. 


J 


Fig. 2. Ditto. Stimulation of right stellate ganglion under 2% chloroform. Coil at 


Fig. 8. ‘Ditto, Stimulation of right stellate ganglion under 0-5, chloroform. Coil at 


96 mm. 


~ ganglion one divided, and the Ghibeuform having been reduced to 0°5°/,, 


the ganglion is stimulated with a faradic current of a strength just too 
painful to be applied to the tongue. The heart beat at first accelerates - 
and soon passes into an irregular tachycardia which terminates in perma- 
nent fibrillation of the ventricles (Fig. 3). The duration of stimulation 
required to produce this result is variable, seven seconds being the 
shortest time noted. | | 

Under full anssthesia induced by 2°/, chloroform stimulation of the 


’ 2 
* al 
“oy 
‘ 
y 
é 
ey 
if 
wee 
ty 
an 
oF 7 
— 
2 
2 
we 
— 
* 
F 
an 
> 
75 
405] * 
N 
* 
wy 
é 
7 2 
‘ 
2 
3 77 
ag 
4 
* 
* 
95 
— 
4 
= 
rg 
a 


xvii PROOREDINGS OF THE PHYSIOLOGICAL 


periods of fibrillation may be apparent, but the heart is not brought to 
a permanent standstill (Fig. 2). These results therefore are related to 
those already else where! described as following the injection of adrenalin 


under chloroform. 

The effect of bang the left ganglion is dissimilar, In one 
case only out of six did I obtain ventricular fibrillation, and in that case 
the heart was exhibiting spontaneous irregularities when the stimulation 
was applied. The reaction from the left ganglion is usually far less 


marked than that from the right; there is less acceleration and the 
abnormal beats take the form of bigemine or of a — slow 


sequence of irregularities 


The size of the aorta in certain animals and its relation to 
their body weight. W WIIII Ray and E. W. 


Amr WALKER. 


In studying the blood and cardio-vascular system under normal and 
pathological conditions we have found it necessary to endeavour to 


determine how the size of the aorta is related to the weight of the 


individual in any given species of animal, 
For this purpose we have made a series of measurements of the aorta 


in various animals, namely, rabbits, guines- pigs, rats, mice, and five 


species of birds, 

In the present communication only an » outline of our results is given, 
illustrated by reference to the figures which we have obtained on rats and 
guinea-pigs, We must however draw attention to the fact, that though 


the measurements which we have made give a reliable relative value for _ 
the (internal) circumference of the aorta within each species, they do 
not necessarily afford an absolute measure of the size of the aorta in 
these animals during life. To this point we shall have occasion to return 


in connection with other work. 


The results which we desire to bring forward are shown in Table 1 
which deals with the measurements in 27 rats covering a range f 


weight from 30˙1 grammes to 303 grammes and Table II which 1 5 


with the measurements in 35 guinea-pigs covering a range of weight — 


from 130 grammes to 950 grammes. 


of Bon. Jan. 1011. Lewis, Vol. m1. 
0. 


8 

99 

Brad 
: 
— 
SRE 1 
11 
4 

* 

72 
| 
| = 

| 

> 
= 
* 

4 

8 

4 
| 

we 

* 
2 

4 uN 
4 

7 

4 

a. 

* 4 
. 

igh: 

1 

* 

y 

. 

ag 

1 
4 

+ pa * 

70 

75 

2 1 * 

{ 

; 

* 

i 

Bae, ty 

j Wel 

* 
ade 
7 


MAY 18 44 


Cross between section —bbetween 
A No. of Aorticcross Section “gross ale. as cross 
Group group (grammes) of mm. sq. mm. "Went k=219 obs. in % obs. in %/, 
A 8 B85 O41 29 167 0609 O16 0467 30-62 
886 065038 21 148 142 0685 15-77 
0 1-07 22 86132 106 0-98 104 2°88 
6 1290 0691 1:50 21 1˙16 1.81 0-66 168 9-09 
E 7 1664 0763 188 2-7 110 1762 O55 218 14-08 
F 2 2060 0-052 2-865 75 864 B79 24-80 
Average 21-9 1.28 16-22 
4 TABLE II. Guinea-pig. 

Difference Cross. Difference 
No. of © aortic Aortic cross section calc. cross —_ calc, as cross 
“4 Group group grammes sq. mm. 1 k=256 obs, in 
8 218 4 198 244 O91 189 46 16˙47 
828 0904 0/8 266 0-78 2˙57 0-00 
D 9818 71 5 3% 1800 
8 76 41006 455 22 068 4:48 156 6˙66 1961 
Average 078 | 2°97 14-20 
. From these tables it is at once evident that the diameter of the 4 


aorta increases much more slowly than the body weight of the animal. 
If the sectional area of the aorta be calculated and expressed as a 
percentage of the body weight it is seen that this percentage decreases 
regularly as the animal increases in weight in much the same manner 
as the blood volume has been found to do. 

If one seeks to obtain a mathematical expression for these results 
one arrives at the same formula as was found by two of us in the case of 
the blood volume, viz. that the nth power of the body weight divided 


by the area of the aortic cross section is a constant, t.. -I. 


We find that n is 0°71 — 0°72. 
min a previous paper it has been shown that in calculating the body 
surface from the body weight n is also 071 072. Hence it follows 
that the sectional area of the aorta is a function of the body surface of the 
animal. It also follows that it is not a function ofthe body weight and 
this fact is clearly brought out in the tables. For if the area of the 
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aortic cross section is expressed as a function of the surface the mean 


error calculated according to the method of least squares is found to be 


only 1°80 7 for the rats and 3°96 / for the guinea-pigs, whereas, when 


the area is expressed as a function of the body a the mean errors 


become 20°45 / and 17°81 / respectively. 
Exactly similar results have been obtained in the case of the other 


; species of animals examined and we have also found the same relation 
to hold good for the extensive series of observations carried out on man 


by Thoma thirty years ago. 
_ Accordingly we conclude that within a wide range of weight the 


. sectional area of the aorta in any given species of warm blooded animal 


On nerve ‘degeneration in vitro and in vivo. By Hexny 


O. Friss and W. Cramer. 


The changes which a nerve - fibre undergoes in vivo after division 


are, in the peripheral segment, breaking up of the axis- cylinder and 
myelin sheath followed by the multiplication of neurilemmal sheath 
cells. These changes are usually classed together under the term 
Wallerian degeneration, and are held by authorities like van 
Gehuchten, Bethe and others to be a process peculiar to life, It goes 


without saying that cell proliferation is a process associated with life. 


It does not take place when a piece of nerve is removed with aseptic 
precautions from an animal and kept in sterile Ringer's solution at 
body temperature for periods varying from two to sixteen days. We 
have found, however, that in nerves kept in vitro under these conditions 
the myelin sheath undergoes changes which are similar to and perhaps 


identical with those observed in Wallerian degeneration in vivo. One 


point of difference in the appearance is that nerves degenerated in vitro 


show a “flaky” staining of the broken up myelin with osmic acid, 


while nerves degenerated in vivo under ordinary circumstances exhibit 


a characteristic “laked” staining. But we have been able to show that 
the “flaky appearance is obtained also in vivo when nerves ‘degenerate 
without blood or lymph supply. This condition was brought about by 


_— a nerve to degenerate between two ligatures. 
We have not yet been able to obtain a Marchi reaction in nerves 
deguseratell in vitro for periods varying from two to sixteen days. 
The results of our experiments suggest that the changes which 


take place in the myelin sheath during the first stages: of Wallerian | 


degeneration are changes not peculiar to life. 
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‘Finotional analysis by the action of slectroiytes. 
MINES. (Preliminary communication.) 


There is much evidence showing that the processes of e 
and of shortening in muscle, though intimately related, are not in- 
separable, | | 

Tt is possible in certain cases to throw the excitation process out of 
gear and yet to leave the contractile mechanism accessible to the action 
of certain chemical substances. These do not “excite” the muscle, but 
cause it to shorten by playing directly upon the contractile mechanism. 


Thus for instance, Miss Dale and I found that skeletal muscles of the 


ray treated with a dilute solution of ether.completely lost their power 
of response towards strong tetanising currents while they still remained 
capable of giving a maximal shortening on treatment with suitable 
concentrations of acid, alkali or potassium salts. Chloroform did not 
show the same differentiation: it affects the contractile mechanism. 
Noyons and Zwaardemaker have shown that by treating the auricle 
of the eel with chloroform the mechanical response may be cut down 
till it is no longer perceptible while the rhythmic electric variations 
continue vigorously. The electric response in muscle affords a direct 
index of the excitation process. 

From these considerations it is evident that arrest of the heart by 
the influence of substances on its musculature may be due either to 
an action at the level of the excitation process or to an action on the 
contractile mechanism. 

Heart muscle can function only when the hydrogen ion concentra- 


tion of the fluid with which it is in equilibrium lies within certain limits: 


the limits vary slightly for the hearts of different species. Study of 
s taken from the perfused frog’s heart shows the effect 
of a small increase in the Cy. of the fluid, bringing about diastolic arrest, 
to be due to an action on the excitatory process in the muscle. The 
simple tri-valent kations which have been examined act on the 
excitatory process in the same way. Further increase in the hydrogen 
ion voncentration causes shortening of the heart muscle, just as of 
skeletal muscle, by direct action on the contractile mechanism. This 
can occur after the excitation process has been disorganised. The action 


of acid on the contractile mechanism is a function of the hydrogen i 


concentration, modified by the nature of the anions present. It is not 
shared by tri-valent kations. The deviation from neutrality on the acid 
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side which is required to cause shortening by direct action on the con- 


tractile mechanism is greater than that required to upset the excitation 


The usual effect on the heart of perfusion of small concentrations of 
alkali is arrest in systole, But, as Gaskell showed, occasionally the 
effect is diastolic arrest followed by the gradual onset of systolic tone. 
Sufficient deviation from neutrality on the alkaline side disturbs the 
excitation process and also acts directly on the contractile process. 
The hydroxyl ion concentrations at which these two different actions 

are exerted lie very close together, and on treating the heart with 
leila of increasing alkalinity sometimes the effect on the excitatory 


process and sometimes the direct action on the contractile mechanism 


is first manifested. — 
The action of alkali on the excitation process is simulated precisely 


by that of certain tri-valent anions—for example those of citrates and 


phosphates—and these, like alkali, antagonise the action of acid or tri- 


valent kations on the excitatory mechanism, but these tri-valent anions 


do not act like alkali on the contractile mechanism direct. 


method of embedding gelatin 


GasKELL, M. D. 


The tissue is fixed in a formalin previous to 
formalin must be removed, by washing in running water 12—24 hrs. 


The gelatin is soaked for 3—4 minutes in cold water, then drained and 
melted, and the tissue is immersed in this for 2—5 hours in an incubator 
at 37° C. It is then cast in paper boxes in this gelatin and allowed to 
set at room temperature; when cool, it is put into a formalin vapour 
chamber to harden. The hardening is not satisfactory in a less period 


than three aa ee indefinitely till the block is : 


wanted. 


Sections are cut by the freezing . the block being pared down 


and attached to the stage of Aschoff’s CO, freezing microtome by means 
of a drop of gum solution. 


Sections can be obtained of any tissue 10 n thick and of most andes 1 


hitherto tried 5 u sections are obtainable. 


A detailed account of the method will appear in the Journal of 


— and July 1912. 
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| On the effects of thyroid feeding on nitrogen and carbo- 


‘hydrate metabolism. By R. A. Krause and W. Cramer. 


Our observations on man were made on à normal person, weight 
65 Kg., age 25 years, living habitually on à low nitrogen intake. They 
show that on a meat-free diet administration of fresh raw thyroid gland 
(sheep) is followed immediately by a marked rise in the nitrogen 
excretion which persists for several days. There is also a distinct and 
persistent diuretic effect. Observations on the nitrogen distribution in 
the urine before and after thyroid administration show that the increased 
nitrogen excretion is accounted for almost entirely by an increased 
urea excretion. The ammonia excretion also rises, while the values for 
uric acid and creatinin show either a slight increase or remain constant. 
Creatin appears in the urine in quantities which greatly exceed the 
small amount of creatin estimated to be present in the gland. The 
excretion of creatin did not occur on a diet consisting almost entirely 
of carbohydrates, but in this experiment a smaller amount of thyroid 
gland was given. In this experiment there was a large increase in the 


excretion of undetermined nitrogen. 


The observations were made for several days before and after the day 
on which the thyroid was administered. In order to illustrate our 
results an abbreviated table is appended, containing the observations on 
the day before and the two days after thyroid feeding. 

The same results were obtained in four dogs. In one dog no creatin 


| appeared after thyroid feeding although the effect on the nitrogen 


excretion was marked. 

Since the effect of the thyroid gland on the nitrogen metabolism 
can be observed in the fasting organism and on a nitrogen-free diet, and 
is, as the experiments recorded in the literature show, least marked on 
a nitrogen-rich diet, it would appear that changes in the nitrogen 
metabolism observed after thyroid administration are due to changes in 
the tissue or endogenous metabolism. One would expect, therefore, to 


find a marked increase in the excretion of such a nitrogenous constituent 


of the urine as creatinin which, according to Folin, is excreted as an 
end-product of endogenous metabolism. Our results show, however, 
that this is not the case and that the changes induced in the endogenous 
nitrogen metabolism by thyroid feeding result almost exclusively in an 
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he relation of the thyroid gland to the normal carbohydrate 


metabolism has, so far as we are aware, not yet been studied. Conclu- 


ions have been drawn from clinical observations, it having been found 


that exophthalmic goitre is sometimes: associated with glycosuria, and 


that in patients suffering from obesity, myxoedema and other conditions 


the medicinal use of thyroid extract is sometimes followed by glycosuria. 
Our observations were made on dogs, in which the limit for assimilation 


for glucose had been determined previously. Administration of fresh 


Ammonia- Urie acid- Oreatinin- 
bes in gms. in gms. gm, gm. 


Experiment. II. 


66 2% (16%) 


P 


1950 487 288 0404 0507. 
Diet in Exp. I. Porridge, milk, bread, butter, potatoes, eggs. 
Diet in Exp, II. Potatoes, fat, tapioca, butter and apples = 2900 Calories. 
10 lobes of thyroid gland= 16-2 gms. contain 1:8 milligms. creatin nitrogen. 


10 lobes of thyroid given on 27 I. ** 6 lobes of thyroid given on 21 II. 


meter postural apnea in the duck. By F. M. HuxAIxr. 


(Communicated by D. Noel Paton.) (Preliminary communication.) 


submersion of the duck’s head, it was noticed that, when the duck rests _ 


upon its back, simple extension of the neck also produces apnea, This 


was found to be better marked after decerebration, thus establishing its 


reflex nature. 
hie only position of the: bach ie which’ eush 


occurs is the diving one. A sudden ae a posture causes 
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a long period of apnoea, accompanied by closure of the nictitating 
membrane and, at first, paddling movements of the feet. 
It was found that extension gave rise to apnea only in certain 
positions of the head. It is not produced when the vertex faces 
upwards, or laterally with the beak upwards. 

The part played by the labyrinth was therefore investigated. After 
its destruction extension of the neck caused cessation of breathing, 
whatever the position of the head. 

The reflex apnea, which occurs when a duck assumes the diving 
posture, therefore arises from certain proprio-ceptive receptors most 
probably those that exist in the ligaments and joints of the vertebral 
column about the point of natural flexion of the neck. The condition, 
generally, of apncea on extension of the neck, is controlled by the 
labyrinth, which allows of breathing when the neck is extended in 
certain positions of the head. The reflex provides a well-marked 
example of re-inforcement by a proprio-ceptive mechanism, the first 
apncea being brought about by the extero-ceptors of the mucous mem- 
brane of the nostrils etc. as soon as the latter come into contact with 
water. | 
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The action of Gitalin 
By W. Lecce (Preliminary 


I am indebted to Dr F. Kraft, of Fes for a specimen of this 6 
‘glucoside prepared by him from the leaf of Digitalis purpurea, | 

It is amorphous, soluble in 600 parts of cold water, and in the 
presence of alcohol readily takes up water 18 88 into a less soluble 
form,—gitalin hydrate, 

It also readily loses water, eg. on evaporating its W solution 
on a water bath, yielding another crystalline, insoluble glucoside— 
anhydrogitalin. Both of these crystalline products are said to be 


present in the best commercial samples of digitoxin. 


The substance has been tested on the auriculo-ventricular prepara- | 
tion, and with the apparatus recently described in these Proceedings’. 
In the experiments shown to the meeting, the drug was dissolved 


in a Binger-Locke solution containing NaCl 6 gm., KCl 042 gm., 
Cal, 024 gm. and NaHCO, 02 gm. per 100 C., and the hearts were 


perfused with this solution two hours before application of the drug. 


1 F. Kraft. Arch. der Pharmazie, Berlin. Bd. 250, pp. 118-141. 1912. An earlier 
account is given in Schweiz. Wochenschr. f. Chem. und Pharm. 1911, abstracted in — . 
Centralbl. Vol. 1. p. 1698. 1911, for which I have to thank Dr. eee 
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Exp, 1. Perfusion for one hour, of an unusually active heart (of 


which the amplitude of the beat declined no more than 5 % during the 
control period), with a 2 per million solution of gitalin, led—after a slight 
preliminary augmentation of the beat—to increased diastolic tone, with 
loss of about 35 ½ of the initial amplitude. On replacing the control 
solution, the digitalis tone passed off and the beat recovered, within an 
hour, over 90°/, of its initial amplitude. Owing to the slow movement 
ol the drum, variations in frequeney were not observable. 
f Exp. 2. Perfusion for one hour, of a less active heart (decline of 
amplitude during control period about 20°/,), with a 5 per million 
solution produced (a) slight initial augmentation, followed by (6) in- 


creased diastolic tone, and (e) loss of about 70% in amplitude associated 


with Luciani rhythm. On replacing the control solution the beat re- 
covered, in the course of one hour, up to 50 % of its initial amplitude, and 


its rhythm became normal. The digitalis tone did not completely pass 
off. As in Exp, 1, variations in frequency were not observable. 


Fig, Reduced to w. 


ment. Perfusion of a slow and feeble heart (loss of amplitude during 
control period about 30°/,), with gitalin, 5 per million, commenced at 
G, the numbers underneath the time tracing indicating minutes from 
this point. The increased diastole, observable in the first part of the 
record, began to pass off between the 30th and 40th minutes, the beats 


failing regularly up to the end of the first hour. After brief irregularity, 


at this point, the rhythm abruptly fell; the amplitude of the beat and 
the diastolic tone gradually converging to those shown in the second 
portion of the record. These results are those usually obtained, with 
active solutions manche, V⸗,Vqu.n 
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An active excised heart is rarely much augmented, a slow heart almost 
invariably accelerated, before the slowing characteristic of the drug 
appears. Recovery from toxic effects of gitalin is gradual but good. 


155 A heart may be reduced to one or two beats, of small amplitude, per 


minute, and yet, on removal of the drug, recover in the course of a few 
hours its initial amplitude and frequency. The results so far obtained 
suggest that gitalin will prove a valuable preparation. Neither in vivo 

nor in vitro has it produced any recognisable haemolysis. | 


Peripheral colour vision. By W. 
stration.) 


When a photographic red incandescent electric lamp of a definite oe 


_ size and luminosity is viewed peripherally the red is seen as red of the 


same quality to the extreme periphery of the field of vision. I find the 
same after an hour's dark ö | 
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